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INTRODUCTION 
T o x i c w a s t e s a r i s e from m a n ' s a c t i v i t i e s p r e v a l e n t i n 
s o c i e t y . The i n d u s t r i a l r e v o l u t i o n i n d e v e l o p e d c o u n t r i e s 
and p r e s e n t l y i n d e v e l o p i n g c o u n t r i e s h a s c o n c e n t r a t e d 
u r b a n a r e a s w i t h a h i g h d e n s i t y o f i n d u s t r i e s and 
f a c t o r i e s w h i c h a r e d i s c h a r g i n g l a r g e a m o u n t s o f w a s t e s 
i n t o t h e e n v i r o n m e n t , a l r e a d y s t r e s s e d t o t h e l i m i t by 
p o l l u t i o n c r e a t e d by human h a b i t a t i o n . 
I t i s e v i d e n t t h a t S r i Lanka i s s u f f e r i n g from t h e 
p r o b l e m s o f r a p i d u r b a n i z a t i o n . The u r b a n i z a t i o n l e a d s t o 
s e v e r e p o l l u t i o n p r o b l e m s . The s i t u a t i o n i s a g g r a v a t e d by 
t h e f a c t t h a t S r i Lanka i s l a c k i n g t h e p r o p e r f i n a n c i a l 
r e s o u r c e s n e e d e d t o p r o v i d e s o l u t i o n s o f t h e w e s t e r n t y p e . 
I t i s n o t t h a t d e v e l o p i n g c o u n t r i e s l i k e S r i Lanka a r e 
unaware o f t h e i m p o r t a n c e o f a v o i d i n g e n v i r o n m e n t a l 
p o l l u t i o n , w h i c h shadowed u r b a n i z a t i o n and 
i n d u s t r i a l i z a t i o n i n Europe and N o r t h A m e r i c a , b u t i t i s a 
m a t t e r o f p r i o r i t i e s i n t h e u t i l i z a t i o n o f l i m i t e d 
f i n a n c i a l r e s o u r c e s . 
The p o l l u t e d e n v i r o n m e n t o f S r i Lanka h a s b e e n t h e o b j e c t 
o f i n c r e a s i n g c o n c e r n . F o r t u n a t e l y o v e r t h e l a s t f e w 
y e a r s , t h e e n v i r o n m e n t a l l y s o u n d d i s p o s a l o f m u n i c i p a l 
w a s t e and t h e n e c e s s i t y f o r c l e a n w a t e r s u p p l i e s h a s b e e n 
r e c e i v i n g much n e e d e d a t t e n t i o n by t h e a u t h o r i t i e s 
c o n c e r n e d . 
P r e s e n t l y , e n v i r o n m e n t a l d e g r a d a t i o n c a u s e d by i n d u s t r i e s 
d i s c h a r g i n g i n d u s t r i a l e f f l u e n t s "in u n t r e a t e d form i s 
c a u s i n g c o n c e r n among t h e a u t h o r i t i e s .and p u b l i c a l i k e . 
The C e n t r a l E n v i r o n m e n t a l A u t h o r i t y i s mak ing a 
c o n c e n t r a t e d e f f o r t t o m o n i t o r i n d u s t r i e s p o l l u t i n g t h e 
e n v i r o n m e n t and p r e v e n t them from d o i n g s o . , 
The s c o p e and t h e e x t e n t o f t h e t o x i c w a s t e p r o b l e m i n t h e 
Colombo d i s t r i c t was i n v e s t i g a t e d i n t h i s p r o j e c t . 
The i m p o r t a n c e o f t h e p r o p e r t r e a t m e n t and d i s p o s a l o f 
t o x i c w a s t e s m u s t be t a k e n v e r y s e r i o u s l y i n v i e w o f t h e 
e n v i r o n m e n t a l p r o b l e m s e n c o u n t e r e d i n d e v e l o p e d c o u n t r i e s 
w h e r e i m p r o p e r management o f t h e s e w a s t e s o c c u r e d . 
The e n v i r o n m e n t a l d i s a s t e r s due t o mismanagement o f t o x i c 
w a s t e s h a v e made t h e " V a l l e y o f Drums" and "Love C a n a l " 
h o u s e h o l d w o r d s i n t h e m o s t p a r t s o f t h e w o r l d e s p e c i a l l y 
i n W e s t e r n c o u n t r i e s . The h e a l t h e f f e c t s o f t h e s e w a s t e s 
on p e o p l e who l i v e d s u r r o u n d i n g t h e d i s a s t e r a r e a s i n t h e 
U n i t e d S t a t e s a r e s t i l l p r e v a l e n t . 
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I m p r o p e r d i s c h a r g e o f t o x i c c h e m i c a l s i n t o w a t e r w a y s c o u l d 
make t h e s e c h e m i c a l s p e r s i s t e v e n i n t r e a t e d d r i n k i n g 
w a t e r s i n c e m o s t c h e m i c a l s a r e n o t a f f e c t e d by t h e 
c o n v e n t i o n a l w a t e r t r e a t m e n t p r o c e s s . 
T h e r e f o r e , i t i s a b s o l u t e l y e s s e n t i a l t h a t t o x i c 
w a s t e s be p r o p e r l y d i s p o s e d o f i n - a n e n v i r o n m e n t a l l y 
a c c e p t a b l e m a n n e r . 
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2 . SITCVEY OF INDUSTRIES IN THE COLOMBO DISTRICT 
A c r o s s s e c t i o n o f i n d u s t r i e s i n t h e Colombo d i s t r i c t was 
v i s i t e d w i t h t h e p r i m a r y o b j e c t i v e o f e s t a b l i s h i n g a l i s t 
o f c h e m i c a l s u s e d by t h e r e s p e c t i v e i n d u s t r y - The l i s t o f 
c h e m i c a l s b e i n g u s e d i n S r i Lanka w a s a n e c e s s i t y s i n c e no 
s u c h l i s t was a v a i l a b l e a t t h e C e n t r a l E n v i r o n m e n t a l 
A u t h o r i t y . 
H o w e v e r , s i n c e t i m e c o n s t r a i n t s p r e v e n t e d v i s i t i n g e v e r y 
s i n g l e i n d u s t r y i n t h e Colombo d i s t r i c t , t h e i n d u s t r i a l 
s e c t o r was d i v i d e d i n t o 8 c a t e g o r i e s . An a v e r a g e o f 6 -8 
i n d u s t r i e s was i n s p e c t e d i n e a c h c a t e g o r y and a l i s t o f 
c h e m i c a l s b e i n g u s e d by them was o b t a i n e d . 
The c a t e g o r i e s t h e i n d u s t r i e s w e r e d i v i d e d i n t o was a s 
f o l l o w s : , 
( i ) T e x t i l e I n d u s t r y 
( i i ) P a i n t I n d u s t r y 
( i i i ) Rubber and P l a s t i c s I n d u s t r y 
( i v ) Heavy M e t a l I n d u s t r y 
i . e . B a t t e r y , A l u m i n i u m , S t e e l > 
( v ) P e t r o l e u m I n d u s t r y 
( v i ) Foundry 
( v i i ) D u s t g e n e r a t i n g I n d u s t r i e s 
( v i i i ) T a n n e r i e s . 
I n a d d i t i o n t o t h e a b o v e l i s t o f i n d u s t r i e s , t h e Colombo 
Dock Yard and A i r Lanka E n g i n e e r i n g was a l s o v i s i t e d s i n c e 
l a r g e a m o u n t s o f s o l v e n t s w e r e b e i n g u s e d by t h e s e 
e s t a b l i s h e m e n t s . 
T h i s p h a s e o f t h e p r o j e c t was c o n s i d e r e d r e l a t i v e l y t i m e 
c o n s u m i n g . Most o f t h e i n d u s t r i e s v i s i t e d w a s v e r y c o ­
o p e r a t i v e , e s p e c i a l l y d u e t o t h e a s s i s t a n c e and 
i n t r o d u c t i o n s g i v e n by Mr. D u l e e p J a y a m a n a , D e p u t y 
C o m m i s s i o n e r o f L a b o u r , O c c u p a t i o n a l H e a l t h . 
The c h e m i c a l s w e r e l i s t e d u n d e r 4 c a t e g o r i e s . 
( i ) C h e m i c a l s u s e d i n S r i Lanka 
( i i ) C h e m i c a l s u s e d u n d e r T r a d e Name (No C h e m i c a l name 
a v a i l a b l e ) 
( i i i ) C h e m i c a l s w i t h a v a i l a b l e T o x i c i t y I n f o r m a t i o n 
( i v ) C h e m i c a l s w i t h no t o x i c i t y i n f o r m a t i o n a v a i l a b l e 
A c o m p l e t e l i s t o f t h e A c a t e g o r i e s o f c h e m i c a l s i s 
a n n e x e d a s A p p e n d i x 1 , 2 , 3 and A r e s p e c t i v e l y . 
The main o b s t a c l e e n c o u n t e r e d i n t h i s p h a s e o f t h e p r o j e c t 
was t h e t o t a l u n a w a r e n e s s o f t h e i n d u s t r y p e r s o n n e l 
r e g a r d i n g t h e c h e m i c a l c o m p o s i t i o n o f t h e c h e m i c a l s u s e d 
u n d e r t r a d e name. The l a c k o f i n f o r m a t i o n on t h e t o x i c i t y 
o f t h e s e c h e m i c a l s w o u l d u n d o u b t e d l y l e a d t o m i s h a n d l i n g 
and an a t m o s p h e r e o f undue e x p o s u r e t o t h e i n d u s t r i a l 
w o r k e r . C e r t a i n h a z a r d o u s c h e m i c a l s a r e known t o r e a c t 
w i t h one a n o t h e r i f b r o u g h t i n t o c o n t a c t r e s u l t i n g i n f i r e 
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and e x p l o s i o n s . An i g n o r a n c e o f t h e p o t e t n t i a l h a z a r d s 
p o s e d by c h e m i c a l s e s p e c i a l l y s o l d u n d e r t r a d e name w o u l d 
r e s u l t i n i m p r o p e r s t o r a g e c o n d i t i o n s . F o r e x a m p l e , a 
s m a l l p a i n t and p r i n t i n g i n k e s t a b l i s h m e n t v i s i t e d i n 
Maradana , had o p e n and unopen b a r r e l s o f p a i n t , t h i n n e r , 
e t c , a l o n g w i t h l a r g e a m o u n t s o f r a g s i n an u n v e n t i l a t e d 
room c r e a t i n g i d e a l c o n d i t i o n s f o r s p o n t a n e o u s c o m b u s t i o n 
w h i c h c o u l d r e s u l t i n f i r e . The t o t a l i g n o r a n c e o f t h e 
h a z a r d o u s c o n d i t i o n s p r e v a i l i n g i n t h e f a c t o r y by t h e 
i n d u s t r i a l i s t c o u l d r e s u l t i n a major t r a g e d y . 
A c o n c e n t r a t e d e f f o r t s h o u l d be made by t h e a u t h o r i t i e s t o 
make t h e i n d u s t r i a l i s t , e s p e c i a l l y t h e s m a l l e r o p e r a t o r s , 
and t h e w o r k e r s a w a r e o f t h e h a z a r d o u s and t o x i c n a t u r e o f 
t h e c h e m i c a l s t h e y h a n d l e . 
U n f o r t u n a t e l y , m o s t i n d u s t r i e s w e r e n o t c o o p e r a t i v e when 
q u e s t i o n s r e g a r d i n g t h e d i s c h a r g e o f t o x i c c h e m i c a l s w e r e 
made . P r a c t i c a l l y e v e r y i n d u s t r y c l a i m e d t h e y do n o t 
d i s c h a r g e any c h e m i c a l s i n t o t h e e n v i r o n m e n t , b u t u t i l i z e 
e v e r y t h i n g i n t h e i r p r o c e s s . H o w e v e r , e x p e r i e n c e i n o t h e r 
c o u n t r i e s o f s i m i l a r i n d u s t r i e s s u g g e s t i t i s p r a c t i c a l l y 
i m p o s s i b l e t o u t i l i z e a l l t h e c h e m i c a l s i n t h e p r o c e s s 
w i t h o u t d i s c h a r g i n g any i n t o t h e a t m o s p h e r e . / 
The s a m p l i n g b e i n g p r e s e n t l y c o n d u c t e d by t h e C e n t r a l 
E n v i r o n m e n t a l A u t h o r i t y i s l i m i t e d t o p a r a m e t e r s s u c h a s 
B i o c h e m i c a l Oxygen Demand (BOD), C h e i m i c a l Oxygen Demand 
(COD), D i s s o l v e d Oxygen ( D O ) , pH, e t c . T h e s e p a r a m e t e r s 
w h i l e b e i n g an e x c e l l e n t i n d i c a t o r o f p o l l u t i o n , h o w e v e r , 
c a n n o t d e t e r m i n e t h e q u a l i t y and q u a n t i t y o f t o x i c i t y and 
t h e r e s p e c t i v e t o x i c c h e m i c a l s p r e s e n t i n t h e e f f l u e n t . No 
a c t i o n c a n be t a k e n on t h e d i s c h a r g e o f t o x i c c h e m i c a l s 
u n l e s s t h e C e n t r a l E n v i r o n m e n t a l A u t h o r i t y c a n d e t e r m i n e 
what c h e m i c a l s a r e p r e s e n t i n t h e e f f l u e n t . A d e t a i l e d 
k n o w l e d g e o f t h e c h e m i c a l s and i t s c o n c e n t r a t i o n i s 
e s s e n t i a l p r i o r t o t r e a t m e n t o f t h e w a s t e , s i n c e t h e 
s e l e c t i o n o f t h e method t o be u s e d i s d e t e r m i n e d by t h e s e 
f a c t o r s . 
I n a l l f a i r n e s s t o t h e C e n t r a l E n v i r o n m e n t a l A u t h o r i t y , 
t h e a n a l y t i c a l e q u i p m e n t n e c e s s a r y f o r s u c h a n a l y s i s i s 
p r e s e n t l y u n a v a i l a b l e i n t h e i r l a b o r a t o r y . A g a s 
c h r o m a t o g r a p h / m a s s s p e c t r o m e t r y (GC/MS) S y s t e m o r a n 
A t o m i c A b s o r p t i o n S p e c t r o m e t r y (AA) S y s t e m i s e s s e n t i a l 
f o r t h e a n a l y s i s o f t o x i c e l e m e n t s i n e f f l u e n t s . To t h e 
b e s t o f t h e a u t h o r ' s k n o w l e d g e , t h e I n s t i t u t e o f 
F u n d a m e n t a l S t u d i e s i n Kandy, h a s t h e a b o v e m e n t i o n e d 
e q u i p m e n t . 
The L a r g e S c a l e t r e a t m e n t o f t o x i c and h a z a r d o u s c h e m i c a l s 
i s a g o a l , y e t t o be a c h i e v e d i n m o s t d e v e l o p e d c o u n t r i e s 
s u c h a s t h e U . S . A . 
Numerous L a b o r a t o r y S c a l e t r e a t m e n t m e t h o d s a r e a v a i l a b l e 
f o r many t o x i c c h e m i c a l s and w i t h i n t h e n e x t f e w y e a r s 
c o m m e r c i a l s c a l e t r e a t m e n t m e t h o d s w o u l d be a v a i l a b l e . 
M i n i m i z i n g t h e u s e and d i s c h a r g e o f t o x i c c h e m i c a l s w o u l d 
be c o n s i d e r e d t h e f i r s t s t e p t o p r e v e n t e n v i r o n m e n t a l 
p o l l u t i o n . 
P r e s e n t l y t h e r e a r e no h a z a r d o u s w a s t e t r e a t m e n t p l a n t i n 
S r i L a n k a . I t i s e n c o u r a g i n g t o n o t e t h a t some i n d u s t r i e s 
a r e a t t e m p t i n g t o do some p r i m i t i v e t r e a t m e n t o f t h e i r 
w a s t e p r i o r t o d i s p o s a l . H o w e v e r , m o s t s m a l l e r i n d u s t r i e s 
d i s c h a r g e t h e i r e f f l u e n t i n t o t h e s o i l and w a t e r w a y s w i t h 
no form o f t r e a t m e n t w h a t s o e v e r . 
I t i s i m p o r t a n t f o r t h e a u t h o r i t i e s t o n o t e t h a t m o s t 
t o x i c c h e m i c a l s h a v e b e e n f o u n d t o be p e r s i s t e n t i n n a t u r e 
f o r l o n g p e r i o d s o f t i m e . The d i s c h a r g e o f c h e m i c a l s i n t o 
s o i l wou ld n o t o n l y c o n t a m i n a t e t h e s o i l b u t c o u l d a l s o • 
p e r c o l a t e i n t o t h e g r o u n d w a t e r t a b l e and c o n t a m i n a t e t h e 
g r o u n d w a t e r s u p p l i e s . Once t h e g r o u n d w a t e r i s c o n t a m i n a t e d 
S r i Lanka i s f a c e d w i t h a p r o b l e m o f mammoth p r o p o r t i o n s . 
The o n l y a v a i l a b l e method o f t r e a t i n g c o n t a m i n a t e d 
g r o u n d w a t e r i s t o pump o u t a l l t h e c o n t a m i n a t e d 
g r o u n d w a t e r , s u b j e c t i t t o t r e a t m e n t , and r e i n j e c t i t t o 
t h e s u b s u r f a c e s t r a t a . T h i s p r o c e d u r e i s b e i n g f o u n d t o o 
e x p e n s i v e f o r c o u n t r i e s s u c h a s t h e U n i t e d S t a t e s , t h u s , 
o b v i o u s l y i t w i l l be f o u n d p r o h i b i t i v e i n S r i L a n k a . With 
t h i s i n m i n d , S r i Lankan a u t h o r i t i e s must t a k e e v e r y 
p r e c a u t i o n t o p r e v e n t t h e g r o u n d w a t e r from b e i n g 
c o n t a m i n a t e d i n i n d u s t r i a l a r e a s . E v e r y e f f o r t s h o u l d be 
made i n S r i Lanka t o p r e v e n t e n v i r o n m e n t a l d e t e r i o r a t i o n 
due t o t o x i c c h e m i c a l s w i t h o u t a t t e m p t i n g t o remedy t h e 
s i t u a t i o n o n c e b a d l y p o l l u t e d . T h i s i n v e s t i g a t i o n h a s 
f o u n d t h a t t h e s i t u a t i o n i n S r i Lanka i s n o t y e t o u t o f 
h a n d , and c e r t a i n p r e v e n t i v e m e a s u r e s c o u l d r e s u l t i n . , 
l a r g e s a v i n g s o f t i m e and m o n e y , n o t t o m e n t i o n t h e ' i m p a c t 
on t h e e n v i r o n m e n t . 
A STATE OF THE ART REVIEW OF HAZARDOUS WASTE MANAGEMENT 
TECHNOLOGY 
Waste management i s c o n s i d e r e d t h e o r g a n i z e d s y s t e m a t i c 
c h a n n e l i n g o f w a s t e t h r o u g h p r a c t i c a l , e c o n o m i c and 
t e c h n i c a l r e c o v e r y or d i s p o s a l r o u t e s , c o n s i s t e n t w i t h 
a c c e p t a b l e p u b l i c h e a l t h and e n v i r o n m e n t a l s a f e g u a r d s . 
D e v e l o p e d c o u n t r i e s h a v e a p p r o a c h e d t h e p r o b l e m o f w a s t e 
management i n a much more s y s t e m a t i c manner t h a n 
d e v e l o p i n g c o u n t r i e s , h a v i n g a t t h e i r d i s p o s a l s e v e r a l 
h a z a r d o u s w a s t e t r e a t m e n t t e c h n o l o g i e s , w h i c h a r e d i s p o s a l 
m e t h o d s i n t h e i r own r i g h t or more u s u a l l y , a s 
p r e t r e a t m e n t s p r i o r t o u l t i m a t e d i s p o s a l . 
The t r e a t m e n t m e t h o d s c o u l d b e c l a s s i f i e d a s t e c h n o l o g i e s 
a i m e d a t r e d u c i n g v o l u m e ( p r e c i p i t a t i o n , d e w a t e r i n g , p h a s e 
s e p a r a t i o n ) , i m m o b i l i z a t i o n o f t o x i c c o m p o n e n t s 
( s o l i d i f i c a t i o n p r o c e s s e s ) , or d e t o x i f i c a t i o n ( t h e r m a l 
t r e a t m e n t , b i o l o g i c a l t r e a t m e n t and p h y s i c a l / c h e m i c a l 
t r e a t m e n t ) . 
U n f o r t u n a t e l y , t h e r e i s no t r e a t m e n t method t h a t h a s b e e n 
f o u n d a s y e t , t h a t c o u l d c o v e r t h e e n t i r e s p e c t r u m o f 
h a z a r d o u s w a s t e s . The a p p r o p r i a t e method o f t r e a t m e n t t o 
be u s e d d e p e n d s on s e v e r a l f a c t o r s s u c h a s a v a i l a b i l i t y 
and s u i t a b i l i t y o f a t r e a t m e n t method t o t h e a v a i l a b l e 
d i s p o s a l f a c i l i t i e s , s a f e t y s t a n d a r d s , and c o s t 
c o n s i d e r a t i o n s . 
The t e c h n o l o g i c a l ' a d v a n c e s i n was.te management i s y e t t o 
d e v e l o p a t r e a t m e n t or d i s p o s a l method t h a t o f f e r s 
a b s o l u t e s a f e t y . E v e r y t r e a t m e n t o r d i s p o s a l method h a s 
i t s a s s o c i a t e d l e v e l o f r i s k . 
As a g e n e r a l r u l e , t h e more r i g o r o u s and s o p h i s t i c a t e d t h e 
a p p r o a c h a d o p t e d t o w a r d s t r e a t m e n t and d i s p o s a l , t h e 
h i g h e r t h e c o s t b u t l o w e r t h e l e v e l o f a s s o c i a t e d r i s k . 
I n S r i L a n k a , m o s t i n d u s t r i e s d i s c h a r g e e f f l u e n t i n t o 
w a t e r w a y s w i t h l i t t l e o r no t r e a t m e n t t o r e d u c e t h e 
p o l l u t i o n a l l o a d on t h e e n v i r o n m e n t . In . i n s t a n c e s w h e r e 
t h e o r g a n i c p o l l u t i o n l o a d i n t h e r e c e i v i n g w a t e r i s l o w 
when p o l l u t e d by s y n t h e t i c and n a t u r a l o r g a n i c compounds 
t h e d i s s o l v e d o x y g e n (DO) c o n t e n t o f t h e w a t e r w a y s may 
s t i l l be a b l e t o m a i n t a i n r e l a t i v e l y h i g h l e v e l s . 
When t h e t o x i c i t y l e v e l s o f t h e compounds a r e n o t h i g h , 
t h e a e r o b i c b a c t e r i a p r e s e n t i n t h e n a t u r a l w a t e r s i s 
s o m e t i m e s a b l e t o d e c o m p o s e t h e o r g a n i c compounds t o 
s i m p l e r m o l e c u l e s t h a t b e a r l e s s s t r e s s on t h e 
e n v i r o n m e n t . H o w e v e r , when t h e p o l l u t i o n l o a d i n "the 
w a t e r w a y s . a r e h i g h and t h e t o x i c c h e m i c a l s a r e p e r s i s t a n t 
i n n a t u r e , t h e m i c r o b i a l p o p u l a t i o n may n o t be a b l e t o 
d e c o m p o s e t h e o r g a n i c l o a d . T h i s s i t u a t i o n l e a d s t o 
s u r f a c e w a t e r s t h a t a r e t o x i c a n d • t o t a l l y u n s u i t a b l e f o r 
human c o n s u m p t i o n . T h i s s i t u a t i o n c o u l d a l s o l e a d t o a 
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c o m p l e t e b a c t e r i a l d i e - o f f i n t h e w a t e r w a y s . The 
p o s s i b i l i t y a l s o e x i s t s f o r r e a c t i o n s b e t w e e n t o x i c 
c h e m i c a l s l e a d i n g t o h a z a r d o u s c o n d i t i o n s . 
The d i s c h a r g e o f t h i s t y p e o f t o x i c a f f l u e n t s i n c e 
h a r m f u l , s h o u l d be t r e a t e d a d e q u a t e l y p r i o r t o d i s c h a r g e 
i n t o s o i l and w a t e r . 
Due t o t h e i n d u s t r i a l and t o x i c w a s t e s b e i n g more 
i n d i v i d u a l i n c h a r a c t e r i s t i c s , e a c h . i n d u s t r y must make a 
t h o r o u g h s t u d y o f t h e c o m p o n e n t s and c h a r a c t e r i s t i c s o f 
i t s w a s t e s p r i o r t o c h o o s i n g t h e a p p r o p r i a t e 
t r e a t m e n t / d i s p o s a l method f o r i t s w a s t e s . 
The b e s t a p p r o a c h t o t r e a t m e n t o f t o x i c and i n d u s t r i a l 
w a s t e s i s t o m i n i m i z e t h e g e n e r a t i o n o f i t . Some 
i n d u s t r i e s c o u l d c h a n g e c e r t a i n o f i t s m a n u f a c t u r i n g 
p r o c e s s e s w h i c h c o u l d l e a d t o t h e g e n e r a t i o n o f s m a l l e r 
q u a n t i t i e s o f t o x i c w a s t e s . R e c o v e r y o f s p e n t m a t e r i a l s 
i s a n o t h e r a p p r o a c h u s e d by c e r t a i n i n d u s t r i e s . H o w e v e r , 
i t i s recommended t h a t a l l t o x i c and i n d u s t r i a l w a s t e s 
p r o d u c e d i n S r i Lanka be s u b j e c t e d t o some f o r m o f 
t r e a t m e n t p r i o r t o d i s p o s a l i n t o t h e e n v i r o n m e n t t o 
p r e v e n t l o n g t erm e n v i r o n m e n t a l damage . • 
3 . 1 PHYSICAL CHEMICAL TREATMENT 
T h e r e a r e a l a r g e number o f p h y s i c a l / c h e m i c a l t r e a t m e n t 
m e t h o d s a v a i l a b l e and e a c h i s d e s i g n e d t o a c c o m p l i s h o n e 
or more o f t h e f o l l o w i n g . 
( i ) S e p a r a t i o n , c o n c e n t r a t i o n or v o l u m e r e d u c t i o n 
( i i ) I m m o b i l i z a t i o n o r s o l i d i f i c a t i o n 
( i i i ) D e s t r u c t i o n o r d e t o x i f i c a t i o n 
3 . 1 . ( i ) SEPARATION, CONCENTRATION AND VOLUME REDUCTION 
T h e s e p r o c e s s e s a r e m o s t l y p y s i c a l . They r e s u l t i n a t 
l e a s t p a r t i a l r e m o v a l o f t h e h a z a r d o u s c o n s t i t u e n t from 
t h e w a s t e , s t r e a m . The m a j o r e m p h a s i s i s on s e p a r a t i n g 
s o l i d s from l i q u i d s , a l t h o u g h t h e r e a r e some p r o c e s s e s 
d e s i g n e d f o r o t h e r s e p a r a t i o n s u c h a s l i q u i d s f r o m 
l i q u i d s , g a s e s from l i q u i d s , and s o l i d s f r o m g a s e s . S o l i d s 
r e m o v a l may be p a r t i c u l a t e , d i s s o l v e d o r c o l l o i d a l . 
S e p a r a t i o n and c o n c e n t r a t i o n c a n be a c c o m p l i s h e d t h r o u g h 
d e n s i t y , s i z e and s o r p t i v e , p a r t i t i o n i n g o r c h a r g e 
d i f f e r e n c e s . 
a . D e n s i t y D i f f e r e n c e s 
The major p r o c e s s e s u t i l i z i n g d e n s i t y d i f f e r e n c e s a s a 
means o f s e p a r a t i o n a r e : . 
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( i ) G r a v i t y S e t t l i n g ( s e d i m e n t a t i o n ) : 
T h e r e a r e 2 a s p e c t s t o s e t t l i n g , c l a r i f i c a t i o n and 
C h i c k e n i n g . C l a r i f i c a t i o n c a n be t h o u g h t o f a s t h e 
r e m o v a l o f s e t t l e a b l e p a r t i c l e s f rom a f l u i d and 
t h i c k e n i n g a s t h e c o n c e n t r a t i o n o f p a r t i c l e s 
( r e m o v a l o f f l u i d s from t h e s o l i d s ) . I n a 
w a s t e w a t e r s e t t l i n g b a s i n , t h i s r e s u l t s i n a 
r e l a t i v e l y c l e a r l i q u i d e f f l u e n t n e a r t h e t o p o f / 
t h e b a s i n and a r e l a t i v e l y c o n c e n t r a t e d s l u d g e n e a r 
t h e b o t t o m . One a d v a n t a g e o f g r a v i t y s e t t l i n g i s 
t h a t i t i s r e l a t i v e l y i n e x p e n s i v e . For t h i s r e a s o n 
i t i s w i d e l y u s e d f o r c o n c e n t r a t i n g s e t t l e a b l e 
s o l i d s f rom l i q u i d s . When s o l i d p a r t i c l e s a r e t o o 
s m a l l t o s e t t l e o r t h e y form a s t a b l e c o l l o i d a l 
S u s p e n s i o n , f l o c c u l a t i o n - c o a g u l a t i o n p r o c e s s e s c a n 
be c u s e d a s a p r e l i m i n a r y t r e a t m e n t t o i n c r e a s e 
s e t t l e a b i l i t y . C h e m i c a l s g e n e r a l l y u s e d i n 
f l o c c u l a t i o n p r o c e s s e s i n c l u d e a l u m , f e r r i c 
c h l o r i d e o r p o l y e l e c t r o l y t e s ( o r g a n i c p o l y m e r s ) . 
( i i ) C e n t r i f u g a t i o n : 
C e n t r i f u g a t i o n i s s i m i l a r t o g r a v i t y s e t t l i n g / 
e x c e p t t h e g r a v i t a t i o n a l f o r c e i s i n c r e a s e d by 
m e c h a n i c a l means u s i n g t h e c e n t r i f u g a l f o r c e 
a s s o c i a t e d w i t h r o t a t i o n . The main a p p l i c a t i o n i s * 
f o r d e w a t e r i n g s l u d g e s , ( e . g . from 1-3% s o l i d s t o 
13-18% s o l i d s ) u s i n g a p e r f o r a t e d r o t a t i n g drum. 
( i i i ) F l o a t a t i o n ' 
Skimming a p p a r a t i a r e p r o v i d e d many t i m e s i n 
c o n j u n c t i o n w i t h g r a v i t y s e t t l i n g p r o c e s s e s t o 
c o l l e c t m a t e r i a l s ( e x . g r e a s e ) w h i c h f l o a t t o t h e 
t o p o f t h e s e t t l i n g t a n k . F o r p a r t i c l e s w h i c h do 
n o t f l o a t , d i s s o l v e d a i r f l o a t a t i o n may be 
e m p l o y e d . T h i s t y p i c a l l y i n v o l v e s p r e s s u r i z i n g a 
t a n k c o n t a i n i n g w a s t e w a t e r o r d i l u t e s l u d g e w i t h 
a i r . A f t e r s u f f i c i e n t t i m e t h e d i s s o l v i n g o f t h e 
a i r i s a l l o w e d , t h e p r e s s u r e i s r e l e a s e d and t h e 
a i r c o m e s o u t o f s o l u t i o n . As t h e b u b b l e s r i s e t o 
t h e s u r f a c e , t h e y b r i n g a t t a c h e d s o l i d p a r t i c l e s 
w i t h t h e m . 
( i v ) C y c l o n i n g 
T h i s p r o c e s s i s u s e d f o r r e m o v a l o f p a r t i c u l a t e s 
f r o m g a s s t r e a m s . I t i s s i m i l a r t o c e n t r i f u g a t i o n , 
e x c e p t t h a t i t i s t h e w a s t e s t r e a m w h i c h r o t a t e s , 
• ra ther t h a n t h e c o n t a i n e r . C y c l o n e s may a l s o be 
u s e d f o r d e g r i t t i n g o f s l u d g e s . 
( v ) I m p i n g e m e n t 
P a r t i c u l a t e r e m o v a l from a g a s s t r e a m i s a l s o 
a c c o m p l i s h e d w i t h t h i s p r o c e s s . The g a s s t r e a m i s 
- 9 -
d i r e c t e d a g a i n s t a s u r f a c e s o t h a t p a r t i c u l a t e 
m a t e r i a l i m p i n g e s on t h e s u r f a c e w h i l e t h e g a s 
p a s s e s a r o u n d i t . 
b . S i z e D i f f e r e n c e s 
P r o c e s s e s w h i c h a c c o m p l i s h s e p a r a t i o n o r c o n c e n t r a t i o n 
t h r o u g h s i z e d i f f e r e n c e s i n c l u d e : 
i . F i l t r a t i o n 
F i l t r a t i o n i s t h e f o r c i n g o f a f l u i d t h r o u g h a 
p o r o u s medium w i t h r e s u l t a n t r e t e n t i o n o f 
p a r t i c u l a t e s on t h e medium. The t h r e e t y p e s o f 
m e d i a u t i l i z e d a r e b e d s ( s a n d , a s b e s t o s ) , mesh 
( s c r e e n , f a b r i c ) and p e r f o r a t e d s u r f a c e s ( c e r t a i n 
m e m b r a n e s ) . F i l t r a t i o n c a n be u s e d f o r r e m o v i n g 
s o l i d s f rom a l i q u i d o r r e m o v i n g l i q u i d s f r o m a 
s o l i d . Example o f t h e l a t t e r a r e vacuum f i l t e r s 
and p r e s s u r e f i l t e r s ( b e l t f i l t e r p r e s s e s ) w h i c h 
a r e u s e d f o r d e w a t e r i n g s l u d g e s . G e n e r a l l y vacuum 
or p r e s s u r e f i l t r a t i o n i s u s e d w h e r e s o l i d s o f 
i n t e r e s t a r e i n h i g h c o n c e n t r a t i o n s . Sand f i l t e r s 
a r e u s e d i n s i t u a t i o n s w h e r e s o l i d s a r e i n l o w 
c o n c e n t r a t i o n , s i n c e t h e y w o u l d q u i c k l y c l o g a t 
h i g h s o l i d s c o n c e n t r a t i o n . C l o g g e d f i l t e r s a r e 
r e p l a c e d o r c l e a n e d by back w a s h i n g , t h e r e s u l t , o f 
w h i c h i s a c o n c e n t r a t e d w a s t e w a t e r s t r e a m 
( b a c k w a s h ) . As w i t h g r a v i t y s e t t l i n g , 
f l o c c u l a t i o n - c o a g u l a t i o n p r o c e s s e s may b e u s e d a s a 
p r e l i m i n a r y s t e p t o e n h a n c e s e p a r a t i o n . 
i i . U l t r a f i l t r a t i o n 
T h i s p r o c e s s i n v o l v e s u s i n g a s p e c i a l h o l l l o w f i b r e 
s e m i - p e r m e a b l e membrane. P r e s s u r e s o f 1 0 - 1 0 0 P S I 
a r e a p p l i e d . The p r o c e s s c a n be u s e d t o r e m o v e 
p a r t i c u l a t e s w i t h m o l e c u l a r w e i g h t s o f 5 0 0 - 3 0 0 , 0 0 0 . 
I t w i l l remove c o l l o i d s , some d i s s o l v e d s o l i d s and 
a l l b a c t e r i a . 
i i i . R e v e r s e O s m o s i s 
T h i s p r o c e s s i s s i m i l a r t o u l t r a f i l t r a t i o n b u t 
h i g h e r p r e s s u r e s a r e a p p l i e d ( 3 0 0 - 1 5 0 0 p s i . ) , and 
s m a l l e r ( a t o m i c s i z e d ) p a r t i c l e s c a n be r e m o v e d . 
E l e c t r o - c h e m i c a l p r o p e r t i e s a l s o a f f e c t s e p a r a t i o n 
e f f i c i e n c y i n t h i s p r o c e s s . I t i n v o l v e s a p p l y i n g 
m e c h a n i c a l p r e s s u r e i n t h e o p p o s i t e d i r e c t i o n , o f 
and i n g r e a t e r m a g n i t u d e t h a n o s m o t i c p r e s s u r e . 
T h i s f o r c e s s o l v e n t m a t e r i a l from h i g h e r 
c o n c e n t r a t i o n s o f s o l u t e t o l o w e r c o n c e n t r a t i o n s , 
r e s u l t i n g i n s o l u t e c o n c e n t r a t i o n . 
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i v . D i a l y s i s 
D i a l y s i s a l s o u t i l i z e s a s e m i - p e r m e a b l e membrane 
b u t i s s e l e c t i v e i n t h a t o n l y c e r t a i n s o l u t e s a r e 
r e t a i n e d w h i l e o t h e r s p a s s t h r o u g h . t h e membrane . 
S e l e c t i v i t y i s b a s e d on e l e c t r o - c h e m i c a l p r o p e r t i e s 
and s i z e d i f f e r e n c e s b e t w e e n s o l u t e p a r t i c l e s . 
E l e c t r o d i a l y s i s i s a m o d i f i c a t i o n i n w h i c h a n 
e l e c t r i c c u r r e n t i s a p p l i e d . 
S o r p t i v e , P a r t i t i o n i n g and C h a r g e D i f f e r e n c e 
For p r o c e s s e s from t h i s c a t e g o r y o f s e p a r a t i o n t e c h n i q u e s , 
b o t h t h e p a r t i t i o n i n g ( d i s t r i b u t i o n ) c o e f f i c i e n t a t 
e q u i l i b r i u m and t h e k i n e t i c s ( r a t e ) o f t h e p r o c e s s must be 
c o n s i d e r e d . The p a r t i t i o n i n g c o e f f i c i e n t , w h i c h i s t h e 
r a t i o o f t h e c o n c e n t r a t i o n s o f t h e p a r t i c u l a r c o n s t i t u e n t 
i n t h e two s e p a r a t e d p h a s e s , w i l l g i v e a q u a n t i t a t i v e 
e v a l u a t i o n o f t h e s e p a r a t i o n p r o c e s s u n d e r g i v e n 
c o n d i t i o n s a t e q u i l i b r i u m . High o r l o w p a r t i t i o n 
c o e f f i c i e n t s s u g g e s t a f a v o u r a b l e p r o c e s s w h i l e a 
c o e f f i c i e n t o f 1.0 i n d i c a t e s no s e p a r a t i o n . K i n e t i c d a t a 
w i l l p r o v i d e r a t e s a t w h i c h a g i v e n s e p a r a t i o n w i l l o c c u r . 
T e c h n i q u e s o f s e p a r a t i o n u t i l i z i n g d i f f e r e n c e s i n 
s o r p t i o n , p a r t i t i o n i n g or c h a r g e i n c l u d e : / 
i . A d s o r p t i o n 
A d s o r p t i o n i s t h e a c c u m u l a t i o n o r c o n c e n t r a t i o n o f 
a s u b s t a n c e a t a s u r f a c e or i n t e r f a c e . The w i d e s t 
a p p l i c a t i o n o f a d s o r p t i o n i s i n u s i n g a s o l i d t o 
remove s o l u t e from a l i q u i d o r g a s s t r e a m . - : • 
A d s o r p t i o n c a n be a c c o m p l i s h e d t h r o u g h e l e c t r i c a l 
a t t r a c t i o n , p h y s i c a l a t t r a c t i o n ( a c t i v a t e d c a r b o n ) 
o r c h e m i c a l r e a c t i o n . The mos t common a d s o r b e n t i s 
a c t i v a t e d c a r b o n . I t i s u s e d m o s t e f f e c t i v e l y f o r 
r e m o v a l o f h i g h m o l e c u l a r w e i g h t , n o n - p o l a r , 
o r g a n i c s . 
i i . I o n E x c h a n g e 
T h i s e l e c t r i c a l a d s o r p t i o n p r o c e s s i n v o l v e s t h e 
e x c h a n g e o f i o n s on t h e s u r f a c e o f an e x c h a n g e 
r e s i n w i t h t h o s e i n a s o l v e n t . R e s i n s u s e d a r e 
c a t i o n i c and a n i o n i c p l o y m e r i c r e s i n s . The p r o c e s s 
i s o n l y u s e f u l f o r t r e a t i n g i o n i n c c o n s t i t u e n t s . 
i i i . A b s o r p t i o n 
A b s o r p t i o n d i f f e r s f rom a d s o r p t i o n i n t h a t m a t e r i a l 
t o be removed p a s s e s t h r o u g h t h e i n t e r f a c e i n 
• u n i f o r m manner a s a r e s u l t o f a weak p h y s i c a l 
a t t r a c t i o n . A good a b s o r b e n t w i l l n o t o n l y a b s o r b , 
l a r g e a m o u n t s . o f m a t e r i a l p e r v o l u m e o f a b s o r b e n t 
b u t w i l l r e l e a s e i t r e a d i l y when d e s i r e d . 
A b s o r b t i o n i s u s e d e x t e n s i v e l y i n h a z a r d o u s w a s t e s 
c l e a n - u p o p e r a t i o n s ( e . g . u s i n g s p o n g y m a t e r i a l t o 
a b s o r b o i l y m a t e r i a l s p i l l e d on w a t e r ) . 
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i v . S t r i p p i n g 
S t r i p p i n g i s a l s o known a s a e r a t i o n . I t i s u s e d 
f o r r e m o v i n g v o l a t i l e s f rom a l i q u i d . The p r o c e s s 
i n v o l v e s b l o w i n g a s t e a m or a i r t h r o u g h t h e l i q u i d 
t o a c h i e v e p a r t i t i o n i n g o f t h e v o l a t i l e i n t o t h e 
g a s s t r e a m . One i m p o r t a n t u s e i s i n r e m o v a l o f 
d e g r e a s i n g s o l v e n t s s u c h a s t r i c h l o r o e t h y l e n e (TCE) 
and t e t r a c h l o r o e t h y l e n e (PCE) from d r i n k i n g w a t e r . 
I t h a s a l s o b e e n u s e d t o remove ammonia and 
h y d r o g e n s u l p h i d e . S t r i p p e d m a t e r i a l i s u s u a l l y 
r e l e a s e d t o t h e a t m o s p h e r e b u t some m o d i f i c a t i o n s 
i n c l u d e c o l l e c t i o n and t r e a t m e n t o f t h e g a s s t r e a m . 
v . E x t r a c t i o n 
T h i s p r o c e s s i s n o t a major o n e a t p r e s e n t b u t may 
h a v e some p o t e n t i a l . A w a s t e w a t e r m i g h t be mixed 
w i t h a n o n - m i s c i b l e non p o l a r s o l v e n t t o e x t r a c t 
non p o l a r o r g a n i c s , and t h e two p h a s e s t h e n drawn 
o f f s e p a r a t e l y . 
v i . D i s t i l l a t i o n 
T h i s p r o c e s s t a k e s a d v a n t a g e o f t h e d i f f e r e n t 
b o i l i n g p o i n t s o f d i f f e r e n t compounds t o e f f e c t 
s e p a r a t i o n . A l i q u i d i s h e a t e d t o a s p e c i f i c 
t e m p e r a t u r e and t h e v a p o u r w h i c h i s b o i l e d o f f i s 
c o n d e n s e d and c o l l e c t e d . I n t h i s m a n n e r , d i f f e r e n t 
c o n s t i t u e n t s o f a m i x t u r e c a n be s e p a r a t e d . Modern 
u n i t s t y p i c a l l y u t i l i z e t o w e r s i n w h i c h many 
d i f f e r e n t compounds c a n be s e p a r a t e d 
s i m u l t a n e o u s l y . A major w a s t e t r e a t m e n t a p p l i c a t i o n 
o f d i s t i l l a t i o n i s i n s o l v e n t r e c o v e r y . 
v i i . E v a p o r a t i o n 
E v a p o r a t i o n i s s i m i l a r t o d i s t i l l a t i o n e x c e p t t h a t 
t h e d i s t i l l a t e i s n o t c o l l e c t e d and e v a p o r a t i o n i s 
u s u a l l y a c c o m p l i s h e d a t a m b i e n t t e m p e r a t u r e s and 
p r e s s u r e , o f t e n u s i n g s o l a r e n e r g y . The p r o c e s s 
c o n c e n t r a t e s p a r t i c u l a t e s and s o l u b l e m a t e r i a l s . 
I t s m a j o r a p p l i c a t i o n i s i n s l u d g e d r y i n g . 
v i i i . S c r u b b i n g 
S c r u b b i n g i s u t i l i z e d i n g a s c l e a n i n g . The g a s 
s t r e a m i s c o n t a c t e d w i t h a l i q u i d , w h i c h i s u s u a l l y 
i n a s p r a y form t o i n c r e a s e i t s s u r f a c e a r e a . T h i s 
p r o c e s s i s u s e d f o r r e m o v i n g b o t h p a r t i c u l a t e s and 
v a p o u r s . Dry s c r u b b i n g ( a l s o c a l l e d d r y a b s o r p t i o n ) 
i s u s e d t o remove s u l p h u r i c o x i e e s from a g a s 
s t r e a m u s i n g a g r a n u l a r a l k a l i n e medium. 
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i x . E l e c t r o s t a t i c P r e c i p i t a t i o n 
T h i s p r o c e s s i s u s e d f o r p a r t i c u l a t e r e m o v a l from 
g a s s t r e a m s . The g a s i s p a s s e d t h r o u g h a s t r o n g 
e l e c t r i c a l f i e l d w h e r e t h e p a r t i c l e s become c h a r g e d 
and a r e a t t r a c t e d t o t h e p l a t e s and r e m o v e d . 
3 . 1 . ( i i ) S o l i d i f i c a t i o n and I m m o b i l i z a t i o n ' 
I m m o b i l i z a t i o n and s o l i d i f i c a t i o n p r o c e s s e s f a l l u n d e r two 
c a t e g o r i e s , f i x a t i o n and e n c a p s u l a t i o n . The i n t e n t i s t o 
i s o l a t e t h e h a z a r d o u s c o n s t i t u e n t and t h e r e b y m i n i m i z e t h e 
p o t e n t i a l h a z a r d . E n c a p s u l a t i o n i n v o l v e s t h e . d e v e l o p m e n t 
o f an i n e r t b a r r i e r b e t w e e n t h e h a z a r d o u s w a s t e and t h e 
e n v i r o n m e n t . F i x a t i o n i s t h e c h e m i c a l i n c o r p o r a t i o n , o f t h e 
h a z a r d o u s w a s t e i n t o a s o l i d m a t r i x . P r o c e s s e s w h i c h 
i n v o l v e s o l i d i f i c a t i o n - i m m o b i l i z a t i o n i n c l u d e : 
a . P o r t l a n d Cement F i x a t i o n 
I n t h i s p r o c e s s a w a s t e m a t e r i a l i s d e w a t e r e d and t h e n 
m i x e d w i t h p o r t l a n d c e m e n t . A d v a n t a g e s i n c l u d e l o w 
c o s t , and t h e a v a i l a b l i t y o f e q u i p m e n t and t e c h n o l o g y 
f o r t h e c e m e n t m i x i n g p r o c e s s . D i s a d v a n t a g e s ' i n c l u d e 
t h e p r e t r e a t m e n t r e q u i r e m e n t , v u l n e r a b i l i t y o f t h e 
p r o d u c t t o a c i d i c l e a c h i n g , and t h e i n c r e a s e d b u l k and 
w e i g h t o f t h e w a s t e . Some m a t e r i a l s s u c h a s Cd and Zn 
c a n i n h i b i t c e m e n t s e t t i n g . 
b . O t h e r C e m e n t i n g T e c h n i q u e s 
Some o t h e r c e m e n t i n g a g e n t s w h i c h c a n be c o n s i d e r e d 
a r e a s p h a l t , p o l y e t h y l e n e , u r e a - f o r m a l d e h y d e and 
p l a s t e r o f p a r i s . 
c . Chemf i x 
T h i s p r o p r i e t a r y p r o c e s s i n v o l v e s a d d i n g s o l u b l e 
s i l i c a t e s and s i l i c a t e s e t t i n g a g e n t s t o a w a s t e . The 
r e s u l t i s t h e f o r m a t i o n o f a g e l w h i c h w i l l g r a d u a l l y 
d e h y d r a t e . The w a s t e m a t e r i a l i s i n c o r p o r a t e d i n t o t h e 
r e s u l t i n g s o l i d m a t r i x . An a d v a n t a g e o f t h i s p r o c e s s 
i s i t s a p p l i c a b i l i t y t o l i q u i d w a s t e s . C h e m f i x 
T e c h n o l o g i e s I n c . ( U . S . A . ) a c t u a l l y p e r f o r m s t h e 
t r e a t m e n t o n - s i t e u s i n g a m o b i l e v a n . 
d . P o z - O - T e c 
IU C o n v e r s i o n S y s t e m s ( I U C S ) u t i l i z e s t h i s p h y s i c a l 
c h e m i c a l p r o c e s s w h i c h e n t r a p s t h e w a s t e m a t e r i a l o f 
i n t e r e s t i s a n i n s o l u b l e p o z z o l a n i c ( a l u m i n o u s a n d / o r 
s i l i c e o u s ) m a t r i x . The t e c h n i q u e was i n t r o d u c e d i n 
1 9 7 5 . I t i s a m i c r o - e n c a p s u l a t i o n p r o c e s s w h i c h w a s 
d e v e l o p e d p r i m a r i l y f o r f l u i d g a s d e s u l p h u r i z a t i o n 
s l u d g e s b u t h a s b e e n u s e d i n t r e a t i n g o t h e r i n d u s t r i a l 
w a s t e s . 
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e . W e r n e r - P f l e i d e r e r - Volume R e d u c t i o n and S o l i d i f i c a t i o n 
(VRS) 
I n t h i s p r o c e s s t h e m a t e r i a l i s m i x e d w i t h a b i n d e r 
( u s u a l l y a s p h a l t ) and t h e n h e a t e d t o e v a p o r a t e t h e 
w a t e r or o t h e r s o l v e n t s p r e s e n t . The major a d v a n t a g e 
i s v o l u m e r e d u c t i o n . The f i n a l p r o d u c t h a s l o w 
l e a c h a b i l i t y . I t c a n be u s e d f o r w a s t e s c o n t a i n i n g 
h e a v y m e t a l s and f o r s o l v e n t r e c o v e r y . 
f . E n c a p s u l a t i o n 
M i c r o - e n c a p s u l a t i o n i n v o l v e s d r y i n g t h e w a s t e 
m a t e r i a l , c o n v e r t i n g i t t o s m a l l b e a d s and c o a t i n g i t 
w i t h p o l y e s t e r r e s i n . L i n e n m e i e r P r e c i s i o n C o . i n 
Germany o f f e r s a n o t h e r t y p e o f e n c a p s u l a t i o n method i n 
w h i c h t h e w a s t e i s p l a c e d i n 55 g a l l o n drums w h i c h a r e 
t h e n s p r a y e d w i t h p o l y u r e t h a n e foam (1" t h i c k ) . TRW o f 
U . S . A . h a s d e v e l o p e d an e x p e r i m e n t a l p r o c e s s w h i c h 
m i g h t be u s e d t o t r e a t s m a l l q u a n t i t i e s o f a c u t e 
h a z a r d o u s w a s t e s . The p r o c e s s i s v e r y e x p e n s i v e . I t 
i n v o l v e s c o a t i n g a d r i e d w a s t e m a t e r i a l w i t h r e s i n , 
h e a t t r e a t i n g t o s e t t h e r e s i n , and t h e n e n c a p s u l a t i n g 
t h e f r e e - s t a n d i n g mass o f r e s i n w a s t e m a t e r i a l w i t h 
p o l y e t h y l e n e . 
3 . 1 . ( i i i ) . D e s t r u c t i o n and D e t o x i f i c a t i o n 
D e s t r u c t i o n i n v o l v e s c o n v e r s i o n o f t h e h a z a r d o u s m a t e r i a l 
t o end p r o d u c t s l i k e C a r b o n - d i o x i d e and W a t e r , w h e r e a s 
d e t o x i f i c a t i o n i n v o l v e s m o d i f y i n g t h e h a z a r d o u s m a t e r i a l 
s o t h a t i t i s l e s s h a z a r d o u s . D e t o x i f i c a t i o n and 
d e s t r u c t i o n p r o c e s s e s i n c l u d e t h e f o l l o w i n g : 
a . N e u t r a l i z a t i o n 
N e u t r a l i z a t i o n i s t h e a d d i t i o n o f an a c i d o r b a s e f o r 
pH c o n t r o l o f c o r r o s i v e a c i d i c o r c a u s t i c w a s t e s . 
P r e c i p i t a t e s may form o r g a s e s may be e v o l v e d . 
b . H y d r o l y s i s 
H y d r o l y s i s c a n be u s e d t o d e t o x i f y some o r g a n i c s . 
S e v e r a l m e t h o d s o f h y d r o l y s i s a r e a v a i l a b l e . They 
i n c l u d e h y d r o l y s i s w i t h w a t e r a l o n e , w i t h a q u e o u s a c i d 
( H y d r o c h l o r i c or S u l p h u r i c ) , w i t h a q u e o u s b a s e ( S o d i u m 
H y d r o x i d e ) , w i t h non a q u e o u s a l k a l i ( f u s i o n ) and w i t h 
enzyme c a t a l y s t s . T h e s e p r o c e d u r e s can be p e r f o r m e d 
a t a m b i e n t or e l e v a t e d t e m p e r a t u r e s and p r e s s u r e s . 
c . C h e m i c a l O x i d a t i o n 
. C h e m i c a l O x i d a t i o n c a n be a p p l i e d t o t r e a t m e n t o f 
o r g a n i c s and i n o r g a n i c s . C h e m i c a l o x i d a t i o n i s 
g e n e r a l l y a p p l i c a b l e o n l y where l o w c o n c e n t r a t i o n s o f 
c o n t a m i n a n t a r e p r e s e n t , s i n c e t h e c o s t f a c t o r b e c o m e s 
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p r o h i b i t i v e a t h i g h c o n c e n t r a t i o n s . T h e r e i s a r i s k o f 
p r o d u c i n g b y - p r o d u c t s o f o x i d a t i o n w h i c h a r e more 
h a z a r d o u s t h a n t h e o r i g i n a l c o n t a m i n a n t s . 
Some o f t h e mos t w i d e l y u s e d o x i d a n t s a r e : 
i . A i r o r Oxygen - s o m e t i m e s u s e d t o d e g r a d e 
s u l p h u r compounds or u s e d w i t h a c a t a l y s t t o 
d e g r a d e p h e n o l . 
i i . Ozone - v e r y r e a c t i v e , must be made on s i t e . 
Ozone o x i d a t i o n a s a p p l i e d t o h a z a r d o u s w a s t e i s 
m a i n l y e x p e r i m e n t a l . 
i i i . C h l o r i n e - A s i d e from t h e i r u s e a s d i s i n f e c t a n t s , 
c h l o r i n e g a s , h y p r o c h l o r o u s a c i d , s o d i u m 
h y p o c h l o r i t e ( l i q u i d b l e a c h ) and c a l c i u m 
h y p o c h l o r i t e ( s o l i d ) may be u s e d f o r o x i d a t i o n o f 
i n o r g a n i c s s u c h a s c y a n i d e and h y d r o g e n s u l p h i d e 
and o r g a n i c s u l p h e r c o m p o u n d s . The d a n g e r i n 
u s i n g c h l o r i n e f o r o x i d i z i n g o r g a n i c s i s t h e 
p o s s i b i l i t y t h a t t o x i c c h l o r i n a t e d o r g a n i c ' 
compounds may be f o r m e d . C h l o r i n e g a s i s a l s o 
v e r y d a n g e r o u s t o h a n d l e . ' 
i v . P o t a s s i u m P e r m a n g a n a t e - Used m a i n l y f o r 
o x i d a t i o n o f c y a n i d e s , o r g a n i c s u l p h u r c o m p o u n d s , 
h e a v y m e t a l s and some o r g a n i c s ( p h e n o l ) , P o t a s i u m 
P e r m a n g a n a t e i s b e t w e e n c h l o r i n e and o z o n e i n 
o x i d i z i n g p o w e r . 
v . Hydrogen P e r o x i d e - Hydrogen P e r o x i d e c a n be u s e d 
t o o x i d i z e o r g a n i c s ( e . g . p h e n o l ) w i t h a 
c a t a l y s t . I r o n h a s b e e n f o u n d t o be t h e b e s t 
c a t a l y s t . One p r o b l e m i s t h a t o x i d a t i o n u s i n g 
Hydrogen P e r o x i d e i s o n l y p a r t i a l . 
v i . N i t r o u s a c i d - T h i s compound h a s b e e n u s e d t o 
o x i d i z e B e n z i d i n e , a c a r c i n o g e n u s e d i n d y e 
m a n u f a c t u r i n g . 
d . R e d u c t i o n 
R e d u c t i o n p r o c e s s e s a r e u s e d f o r t r e a t m e n t o f 
i n o r g a n i c s o n l y , e s p e c i a l l y h e a v y m e t a l s . R e d u c t i o n 
c a n make a compound l e s s t o x i c , l e s s s o l u b l e or c h a n g e 
i t s f o r m . For e c o n o m i c r e a s o n s r e d u c t i o n p r o c e s s e s a r e 
o n l y u t i l i z e d when c o n t a m i n a n t c o n c e n t r a t i o n s a r e l o w . 
The m a j o r p r e s e n t a p p l i c a t i o n o f r e d u c t i o n i s i n 
r e d u c i n g h e x a v a l e n t chromium t o t h e l e s s t o x i c 
t r i v a l e n t chromium u s i n g s u l p h u r d i o x i d e . Sodium 
b o r o h y d r i d e h a s b e e n u s e d f o r r e d u c t i o n o f s i l v e r , 
l e a d and m e r c u r y . 
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e . P h o t o l y s i s 
A l t h o u g h p h o t o l o y s i s may be a m a j o r f a c t o r i n t h e 
d e c o m p o s i t i o n o f r e t r a c t i l e compounds i n t h e 
e n v i r o n m e n t , a s a t r e a t m e n t method i t i s m o s t l y 
e x p e r i m e n t a l . U l t r a v i o l e t l i g h t i s u t i l i z e d t o b r e a k 
c h e m i c a l b o n d s . F a c t o r s a f f e c t i n g t h e p r o c e s s a r e 
c h e m i c a l s t r u c t u r e o f t h e compound , medium and l i g h t 
s o u r c e . Dow C h e m i c a l C o . and H o u s t o n R e s e a r c h I n c . o f 
U . S . A . h a v e p h o t o l y t i c p r o c e s s e s . 
BIOLOGICAL TREATMENT 
B i o l o g i c a l t r e a t m e n t r e p r e s e n t s o n e o f t h e m o s t i m p o r t a n t 
g r o u p s o f t r e a t m e n t p r o c e s s e s f o r h a z a r d o u s w a s t e s . Many 
s o l u b l e and p a r t i c u l a t e o r g a n i c p o l l u t a n t s , a s w e l l a s 
some i n o r g a n i c s s u c h a s s u l p h i d e s , c y a n i d e s and ammonium 
c a n be u s e d a s a f o o d s o u r c e by m i c r o o r g a n i s m s and a r e 
d e g r a d e d and d e c o m p o s e d i n t h e p r o c e s s . C e r t a i n b a c t e r i a 
a r e c a p a b l e o f u t i l i z i n g n i t r a t e s and n i t r i t e s i n s t e a d o f 
o x y g e n t h e r e b y c o n v e r t i n g t h e s e compounds t o h a r m l e s s 
n i t r o g e n g a s i n t h e p r o c e s s . N o n - b i o d e g r a d a b l e o r g a n i s m s 
and i n o r g a n i c s s u c h a s h e a v y m e t a l s c a n be s e p a r a t e d from 
w a s t e w a t e r s and c o n c e n t r a t e d i n t h e s l u d g e o r s l i m e s 
t h r o u g h a d s o r p t i o n and b i o l o g i c a l f l o c c u l a t i o n . C e r t a i n , 
o r g a n i c c o n t a m i n a n t s c o n c e n t r a t e d i n s l u d g e s can . be 
d e g r a d e d t h r o u g h c o m p o s t i n g by b i o l o g i c a l l y d r i v e n 
e v a p o r a t i o n o f w a t e r . 
Two m a j o r . c o n s i d e r a t i o n s p r i o r t o t r e a t i n g h a z a r d o u s 
w a s t e s b i o l o g i c a l l y a r e : 
( i ) D o e s t h e t r e a t m e n t a c c o m p l i s h a n y t h i n g u s e f u l ( s u c h 
• a s d e g r a d a t i o n , d e t o x i f i c a t i o n , s e p a r a t i o n , 
c o n c e n t r a t i o n ) ? 
( i i ) D o e s t h e w a s t e , i n t e r f e r e w i t h , o r i s i t h a r m f u l t o 
t h e b i o l o g i c a l s y s t e m ? 
A g e n e r a l f i n d i n g i s t h a t a c c l i m a t e d s y s t e m s c a n w i t h s t a n d 
q u i t e h i g h c o n c e n t r a t i o n s o f t o x i c m a t e r i a l s and s t i l l 
p r o v i d e a h i g h d e g r e e o f t r e a t m e n t . 
B i o l o g i c a l t r e a t m e n t may be a e r o b i c ( o x y g e n r e q u i r e d ) o r 
a n a e r o b i c ( o x y g e n a b s e n t ) . A e r o b i c p r o c e s s e s a r e g e n e r a l l y 
more r a p i d . , m o r e . s t a b l e , more c o m p l e t e and c a n d e g r a d e a 
w i d e r v a r i e t y o f o r g a n i c s . H o w e v e r , a n a e r o b i c p r o c e s s e s 
a r e s o m e t i m e s e m p l o y e d f o r h i g h s t r e n g t h w a s t e w a t e r and 
f o r s l u d g e s ; b e c a u s e t h e y may be l e s s c o s t l y and c a n 
p r o d u c e u s e a b l e , m e t h a n e g a s . 
B i o d e g r a d a t i o n d e p e n d s m a i n l y on t h e s t r u c t u r e o f t h e 
compounds due t o t h e c h e m i c a l s u b s t i t u e n t s . B u l k y 
s u b s t i t u e n t s t e n d t o b l o c k t h e a c t i o n o f e n z y m e s 
r e s p o n s i b l e f o r t h e d e c o m p o s i t i o n p r o c e s s . Mos t s t u d i e s 
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on b i o d e g r a d a t i o n show t h a t m u l t i s u b s t i t u t e d b e n z e n e s and 
p h e n o l s a r e r e s i s t a n t t o d e g r a d a t i o n . Compounds i n s o l u b l e 
i n w a t e r h a v e shown d i f f i c u l t y i n b i o d e g r a d a t i o n m a i n l y 
due t o t h e i r i n a c c e s s i b i l i t y t o m i c r o o r g a n i s m s . Even 
t h o u g h mos t h a l o g e n a t e d compounds a r e man-made and h a v e no 
d i r e c t c o u n t e r p a r t s i n n a t u r e , c e r t a i n m i c r o o r g a n i s m s 
e x p o s e d t o s u c h compounds h a v e d e m o n s t r a t e d t h e a b i l i t y t o 
e v o l v e c a t a b o l i c p a t h w a y s t o u s e s u c h compounds a s s o u r c e s 
o f f o o d . Whenever t h e c h e m i c a l o f i n t e r e s t i s c o n s i d e r e d / 
a n a l o g o u s t o some e x t e n t t o n a t u r a l compounds t h e m i c r o 
o r g a n i s m s h a v e d e m o n s t r a t e d t h e a b i l i t y t o d e g r a d e t h e m . 
The m i c r o b i a l a c t i v i t y i n t h e b i o l o g i c a l t r e a t m e n t p r o c e s s 
i s a f u n c t i o n o f many f a c t o r s . T h e s e i n c l u d e i n o r g a n i c 
n u t r i e n t s , pH, t e m p e r a t u r e , m i c r o b i a l p o p u l a t i o n d e n s i t y , 
d i v e r s i t y and t h e c h e m i c a l s t r u c t u r e and c o n c e n t r a t i o n o f 
t h e o r g a n i c c h e m i c a l s . 
3 . 2 . ( i ) . BIOLOGICAL TREATMENT OF WASTEWATER 
B i o l o g i c a l w a s t e w a t e r t r e a t m e n t o f h a z a r d o u s w a s t e s may 
u t i l i z e s u s p e n d e d g r o w t h ( s l u d g e s ) or a t t a c h e d g r o w t h 
( s l i m e s ) t e c h n i q u e s . The c o n c e n t r a t i o n o f t h e v a r i o u s 
c h e m i c a l s t h a t a r e p r e s e n t i n t h e w a s t e w a t e r h a s t o be 
d e t e r m i n e d p r i o r t o i t s i n p u t t o t h e t r e a t m e n t p l a n t . T h i s 
i n f o r m a t i o n must be compared w i t h t h e maximum 
b i o d e g r a d a b l e c o n c e n t r a t i o n s o f t h e c h e m i c a l s t h a t s h o u l d 
h a v e b e e n e s t a b l i s h e d from l a b s c a l e s t u d i e s or t h e 
a v a i l a b l e l i t e r a t u r e . 
I f t h e c o n c e n t r a t i o n s o f t h e o r g a n i c c h e m i c a l s i n t h e 
w a s t e s t r e a m i s h i g h e r t h a n t h e e s t a b l i s h e d maximum 
d e g r a d a b l e c o n c e n t r a t i o n s , b i o l o g i c a l t r e a t m e n t i s n o t 
c o n s i d e r e d s u i t a b l e ' f o r t h e w a s t e . High c o n c e n t r a t i o n s o f 
t o x i c c h e m i c a l s c o u l d r e s u l t i n m i c r o b i o c i d a l a c t i o n 
r e n d e r i n g t h e t r e a t m e n t p r o c e s s i n e f f e c t i v e and r e s u l t i n g 
i n p r o c e s s b r e a k d o w n . Due t o t h i s f a c t e x t r e m e l y c a r e f u l 
p r o c e s s c o n t r o l h a s t o be m a i n t a i n e d a t t h e w a s t e 
t r e a t m e n t p l a n t s . 
• a . ACTIVATED SLUDGE : 
A c t i v a t e d s l u d g e i s t h e m o s t w i d e l y u s e d method f o r 
s e c o n d a r y ( b i o l o g i c a l ) t r e a t m e n t o f w a s t e w a t e r . I t 
i s a n a e r o b i c , s u s p e n d e d g r o w t h s y s t e m c o n s i s t i n g 
o f two s t a g e s , a e r a t i o n and s e t t l i n g . I n t h e 
a e r a t i o n b a s i n , w a s t e w a t e r and r e t u r n e d s l u d g e a r e 
m i x e d t o form t h e m i x e d l i q u o r . V i g o r o u s a e r a t i o n 
i s p r o v i d e d t o s u p p l y o x y g e n and t o k e e p t h e s l u d g e 
s u s p e n d e d and w e l l m i x e d . The m i x e d l i q u o r t h e n 
f l o w s t o a s e t t l i n g t a n k i n w h i c h t h e s l u d g e and 
t h e c l a r i f i e d e f f l u e n t a r e s e p a r a t e d . Most o f t h e 
s l u d g e i s r e t u r n e d t o t h e a e r a t i o n b a s i n t o 
" a c t i v a t e " t h e p r o c e s s , w h i l e t h e e f f l u e n t may be 
d i s c h a r g e d or s u b j e c t e d t o f u r t h e r t r e a t m e n t . 
H o w e v e r , b e c a u s e s l u d g e i s b e i n g c o n t i n u o u s l y 
p r o d u c e d , a f r a c t i o n o f i t must be removed or 
" w a s t e d " on a r e g u l a r b a s i s and s t o r e d o r d i s p o s e d 
o f . The p r o c e s s d i s c u s s e d a b o v e i s t h e a c t i v a t e d 
s l u d g e p r o c e s s u s e d i n t h e c o n v e n t i o n a l s e w a g e 
t r e a t m e n t p l a n t s . H o w e v e r , t o x i c c h e m i c a l s t h a t 
h a v e b e e n e s t a b l i s h e d t o be b i o d e g r a d a b l e u n d e r 
a e r o b i c c o n d i t i o n s c o u l d be d e g r a d e d by t h i s 
p r o c e s s . T h e r e a r e 2 p i l o t s c a l e p l a n t s u s i n g t h e 
a c t i v a t e d s l u d g e p r o c e s s t o d e c o n t a m i n a t e h a z a r d o u s 
c h e m i c a l s i n t h e U n i t e d S t a t e s . 
STABILIZATION PONDS : 
A n o t h e r m a j o r b i o l o g i c a l t r e a t m e n t method t h a t 
would be a t t r a c t i v e i n S r i Lanka i s t h e u s e o f 
s t a b i l i z a t i o n p o n d s or l a g o o n s . T h e s e m e t h o d s 
g e n e r a l l y i n v o l v e a l o w e r l e v e l o f t e c h n o l o g y , a r e 
l e s s c o s t l y and p r o v i d e a l o w e r l e v e l o f t r e a t m e n t . 
They may r a n g e from l i t t l e more t h a n s u r f a c e 
impoundments u s e d p r i m a r i l y f o r s t o r a g e t o h i g h 
r a t e t r e a t m e n t s y s t e m s . The pond may be a e r o b i c , 
a n a e r o b i c or f a c u l t a t i v e ( b o t h ) . I n a e r o b i c 
s y s t e m s , t h e o x y g e n may be s u p p l i e d by s u r f a c e 
m e c h a n i c a l a e r a t o r s , o r by a l g a e . The m i c r o 
o r g a n i s m s would u s e t h e d e c o m p o s a b l e t o x i c 
c h e m i c a l s a s a f o o d s o u r c e t h e r e b y d e g r a d i n g t h e 
c h e m i c a l i n t h e p r o c e s s . Once a g a i n c a r e m u s t be 
t a k e n n o t t o e x c e e d t h e b i o d e g r a d a b l e 
c o n c e n t r a t i o n s t o p r e v e n t p r o c e s s b r e a k down., The 
g r e a t e s t e n v i r o n m e n t a l d a n g e r o f t h e s t a b i l i z a t i o n 
pond p r o c e s s i s t h e p o s s i b i l i t y o f l e a c h i n g from 
t h e p o n d s t h a t c o u l d c o n t a m i n a t e g r o u n d w a t e r 
s u p p l i e s . S t a b i l i z a t i o n p o n d s l i n e d w i t h 
i m p e r m e a b l e l i n e r s may s e r v e t o r e d u c e t h i s h a z a r d . 
A n o t h e r d i s a d v a n t a g e o f t h i s p r o c e s s i s t h e l a r g e , 
e x t e n t o f l a n d a r e a n e e d e d f o r t h e p o n d s . • ' 
TRICKLING FILTERS 
A t r i c k l i n g f i l t e r i s an a e r o b i c a t t a c h e d g r o w t h 
p r o c e s s . T h i s t e c h n i q u e i s a p r o c e s s w h e r e a e r o b i c 
m e s o p h i l i c m i c r o - o r g a n i s m s a r e r e s p o n s i b l e f o r 
• d e c o m p o s i t i o n o f o r g a n i c m a t t e r p r e s e n t i n t h e 
w a s t e w a t e r s . The f i l t e r c o n s i s t s o f a bed o f an 
i n e r t medium s u c h a s t r a p r o c k s o r p l a s t i c s t h r o u g h 
w h i c h t h e w a s t e w a t e r i s p a s s e d . The m i c r o b e s 
d e v e l o p a s l i m e on t h e m e d i a w h i c h p r o v i d e d a more 
s t a b l e and l e s s c o s t l y b u t l e s s c o m p l e t e t r e a t m e n t 
t h a n a c t i v a t e d s l u d g e . 
BIODISCS OR ROTATING BIOLOGICAL CONTRACTORS ( R B C ' s ) 
RBC's c o m b i n e some o f t h e a d v a n t a g e s o f a c t i v a t e d 
s l u d g e ( h i g h l e v e l o f t r e a t m e n t ) w i t h t h o s e o f 
t r i c k l i n g f i l t e r s ( s t a b i l i t y and l e s s c o s t ) . T h i s 
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newer a e r o b i c p r o c e s s c o n s i s t s o f numerous l a r g e 
r o t a t i n g d i s c s w h i c h a r e p a r t i a l l y submerged i n t h e 
w a s t e w a t e r and become c o a t e d w i t h a m i c r o b i a l 
s l i m e . 
e . ANAEROBIC FILTERS 
A n a e r o b i c f i l t e r s a r e s o m e t i m e s u s e d a s a p r e -
t r e a t m e n t p r o c e s s f o r h i g h s t r e n g t h w a s t e w a t e r s . 
T h e s e a t t a c h e d g r o w t h s y s t e m s c o n s i s t o f b e d s o f 
i n e r t medium on w h i c h a n a e r o b i c s l i m e s g r o w . 
3 . 2 . ( i i ) BIOLOGICAL TREATMENT OF SOLIDS AND SLUDGES 
S e v e r a l b i o l o g i c a l t r e a t m e n t p r o c e s s e s c a n be a p p l i e d t o 
a q u e o u s s l u d g e s and o n e method ( c o m p o s t i n g ) i s a l s o 
a p p l i c a b l e t o s o l i d m a t e r i a l . 
a . ANAEROBIC DIGESTION 
A n a e r o b i c d i g e s t i o n i s p r o b a b l y t h e mos t commonly 
u s e d method o f b i o l o g i c a l t r e a t m e n t f o r s l u d g e s . 
The s l u d g e i s pumped or f l o w s i n t o a l a r g e , . u s u a l l y 
h e a t e d , c o v e r e d t a n k w h e r e a n a e r o b i c b a c t e r i a 
p a r t i a l l . ' l i q u i f y t h e s o l i d s and c o n v e r t a p o r t i o n 
o f them t h r o u g h m e t h a n e g a s . The m e t h a n e p r o d u c e d 
c a n be u s e d t o h e a t t h e t a n k i f n e c e s s a r y o r 
p r o d u c e e l e c t r i c i t y or be u s e d a s a c o o k i n g f u e l . 
Many l a r g e / s c a l e a n a e r o b i c d i g e s t o r s a r e b e i n g u s e d 
i n t h e U.S^.A e s p e c i a l l y i n c o n v e n t i o n a l s e w a g e , 
t r e a t m e n t p l a n t s . L a b o r a t o r i e s s c a l e s t u d i e s h a v e 
shown t h i s p r o c e s s t o be q u i t e e f f e c t i v e i n 
d e c o n t a m i n a t i n g t o x i c w a s t e w a t e r s . 
b . AEROBIC DIGESTION 
T h i s p r o c e s s i s p a r t i c u l a r l y a p p l i c a b l e t o w a s t e 
a c t i v a t e d s l u d g e . The a c q u e o u s s l u d g e f l o w s i n t o 
an a e r a t i o n b a s i n where 
a e r o b i c m i c r o o r g a n i s m s d i g e s t a p o r t i o n o f t h e 
s l u d g e . A c o m b i n a t i o n o f an a e r o b i c and a n a e r o b i c 
t r e a t m e n t p r o c e s s h a s been f o u n d t o be m o s t 
e f f e c t i v e i n l a b o r a t o r y s t u d i e s . 
c . COMPOSTING : 
C o m p o s t i n g i s t h e p r o c e s s o f d e c o m p o s i t i o n o f 
o r g a n i c m a t t e r u n d e r c o n t r o l l e d c o n d i t i o n s . 
C o m p o s t i n g , a s a p p l i c a b l e t o t r e a t m e n t o f h a z a r d o u s 
w a s t e i s a p r o c e s s i n w h i c h t h e w a s t e h e a t f rom 
m i c r o b i a l a c t i v i t y c a u s e s t h e t e m p e r a t u r e o f t h e 
mass t o i n c r e a s e t o a s much a s 8 0 d e g r e e s C . 
M i c r o b i a l a c t i v i t y h a s b e e n shown t o be opt imum a t 
55 d e g r e e s C. T e m p e r a t u r e s h i g h e r t h a n 5 5 d e g r e e s C 
would become i n h i b i t o r y t o m i c r o b i a l a c t i v i t y 
r e s u l t i n g i n a s l o w r a t e o f o r g a n i c d e s t r u c t i o n . 
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Optimum t e m p e r a t u r e f o r m i c r o b i a l a c t i v i t y i s 
m a i n t a i n e d by a t e m p e r a t u r e f e e d back a i r f l o w 
s y s t e m . C o m p o s t i n g h a s b e e n shown t o be v e r y 
e f f e c t i v e i n t h e d e s t r u c t i o n o f c e r t a i n o r g a n i c 
c h e m i c a l s a t r e l a t i v e l y h i g h c o n c e n t r a t i o n . 
H o w e v e r , f o r c o m p o s t i n g t o be e f f e c t i v e t h e 
c o n t a m i n a n t s must be i n somewhat o f a s o l i d m a t r i x . 
S i n c e c o m p o s t i n g i s a r e l a t i v e l y l o w t e c h n o l o g y 
t r e a t m e n t p r o c e s s i t s h o u l d be a p p l i c a b l e i n 
d e v e l o p i n g c o u n t r i e s . C o m p o s t i n g may be d o n e i n 
w i n d r o w s ( l o n g p i l e s ) w i t h m e c h a n i c a l t u r n i n g f o r 
a e r a t i o n , i n s t a t i c p i l e s u s i n g b l o w e r s o r i n 
r e a c t o r s t r u c t u r e s . I n a p r o p e r l y o p e r a t e d 
c o m p o s t i n g s y s t e m , c o n s i d e r a b l e v o l a t i l e m a t t e r 
d e s t r u c t i o n and d r y i n g may o c c u r r e s u l t i n g i n l a r g e 
mass and vo lume r e d u c t i o n s . M a t e r i a l s t h a t a r e i n 
s l u r r y form can be mixed f i r s t w i t h a b u l k i n g a g e n t 
s u c h a s wood c h i p s or f i n i s h e d c o m p o s t . C o m p o s t i n g 
i s a much more s u i t a b l e method f o r t r e a t m e n t o f 
c o n t a m i n a t e d s o i l t h a n e i t h e r l a n d f i l l i n g o r 
i n c i n e r a t i o n . Through t h e c o m p o s t i n g p r o c e s s , o n c e 
t h e h a z a r d o u s c h e m i c a l s a r e m i c r o b i a l l y d e g r a d e d , 
t h e s o i l can o n c e a g a i n be a g r i c u l t u r a l l y 
p r o d u c t i v e . S t u d i e s h a v e d e m o n s t r a t e d t h a t 
c h e m i c a l s s u c h a s 1 , 2 , 4 T r i c h l o r o b e n z e n e , 2 , A , 
d i c h l o r o p h e n o l , A n i l i n e , B e n z e n e , P h e n o l s , 
H e x a d e c a n e , T o l u e n e , PCB's and mos t h y d r o c a r b o n s 
c a n be s u c c e s s f u l l y d e c o m p o s e d by t h e t h e r m o p h i l l i c 
m i c r o o r g a n i s m s a c t i v e i n c o m p o s t . 
3 . 3 . THERMAL TREATMENT ' 
Thermal T r e a t m e n t i s t h e h i g h t e m p e r a t u r e d e s t r u c t i o n o f 
w a s t e m a t e r i a l s . T h e r e a r e s e v e r a l m e t h o d s o f t h e r m a l 
t r e a t m e n t t e c h n o l o g i e s c u r r e n t l y b e i n g u s e d i n d e v e l o p e d 
c o u n t r i e s . Even t h o u g h s e v e r a l t h e r m a l t r e a t m e n t m e t h o d s 
w i l l be b r i e f l y d i s c u s s e d , t h e m o s t a p p r o p r i a t e method f o r 
S r i Lanka w o u l d be i n c i n e r a t i o n . 
3 . 3 . ( i ) INCINERATION 
I n c i n e r a t i o n i s t h e p r o c e s s o f h i g h t e m p e r a t u r e o x i d a t i o n 
o f g a s e o u s , l i q u i d or s o l i d w a s t e s , c o n v e r t i n g them i n t o 
g a s e s and an i n c o m b u s t i b l e s o l i d r e s i d u e . H o w e v e r , 
i n c i n e r a t i o n r e s u l t s i n f l u e g a s e s b e i n g r e l e a s e d i n t o t h e 
a t m o s p h e r e w h i c h c o u l d l e a d t o a i r p o l l u t i o n . 
N e v e r t h e l e s s , s e v e r a l f l u e g a s c l e a n i n g m e t h o d s a r e 
a v a i l a b l e w h i c h c o u l d r e d u c e or e l i m i n a t e a i r p o l l u t i o n 
due t o t h e i n c i n e r a t i o n p r o c e s s . 
Under p r o p e r and c a r e f u l management o f i n c i n e r a t o r s , 
c e r t a i n h a z a r d o u s and t o x i c w a s t e s c o u l d be c o n v e r t e d i n t o 
h a r m l e s s - c o m p o u n d s , by i n c i n e r a t i o n . An i n c i n e r a t o r , c o u l d 
be u s e d a s a t r e a t m e n t / d e s t r u c t i o n method f o r h a z a r d o u s 
and t o x i c w a s t e s s u c h a s , s o l v e n t w a s t e s and s l u d g e s , 
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w a s t e m i n e r a l o i l s , v a r n i s h and p a i n t w a s t e s , p l a s t i c s , 
r u b b e r and l a t e x w a s t e s l u d g e s and e m u l s i o n s , o i l 
e m u l s i o n s and o i l w a t e r m i x t u r e s , p h e n o l i c w a s t e s , m i n e r a l 
o i l s l u d g e s , r e s i n w a s t e s , g r e a s e and w a t e r w a s t e s , 
c e r t a i n p e s t i c i d e w a s t e s , a c i d t a r and s p e n t c l a y and 
o r g a n i c w a s t e s c o n t a i n i n g h a l o g e n s u l p h u r and p h o s p h o r o u s 
c o m p o u n d s . 
The a b o v e w a s t e s c o u l d be i n c i n e r a t e d i n r e l a t i v e l y l o w / 
t e c h n o l o g y i n c i n e r a t o r s . The k e y t o p r o p e r d e s t r u c t i o n o f 
t o x i c w a s t e s i s t h e p r o p e r t e m p e r a t u r e and s u f f i c i e n t 
r e s i d e n c e t i m e . H o w e v e r , w a s t e c o n t a i n i n g h i g h c h l o r i n e , 
s u l p h u r , n i t r o g e n and p h o s p h o r o u s c o n t e n t s , 
p o l y c h l o r i n a t e d b i p h e n y l w a s t e s and w a s t e s c o n t a i n i n g 
h e a v y m e t a l s and c e r t a i n c a r c i n o g e n i c s u b s t a n c e s n e e d much 
more s o p h i s t i c a t e d i n c i n e r a t i o n t e c h n o l o g i e s w h i c h 
i n c l u d e s e x t e n s i v e s c r u b b i n g e q u i p m e n t f o r e n v i r o n m e n t a l l y 
s a f e d e s t r u c t i o n by i n c i n e r a t i o n . 
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S a f e i n c i n e r a t i o n c a n be a c c o m p l i s h e d by a w e l l d e s i g n e d 
and b u i l t i n c i n e r a t o r w h i c h would be c a p a b l e o f 
a c c o m o d a t i n g f l u c t u a t i o n s i n t h e q u a n t i t y and q u a l i t y o f 
t h e w a s t e . S i n c e t h e i n c i n e r a t i o n p r o c e s s h a s t o be 
c a r e f u l l y r e g u l a t e d i t i s b e s t i f t h e o p e r a t o r i s w e l l 
aware o f b o t h q u a n t i t i e s and c h a r a c t e r i s t i c s o f t h e 
i n c o m i n g w a s t e . 
Few o f t h e c h a r a c t e r i s t i c s t h a t s h o u l d be d e t e r m i n e d p r i o r 
t o t h e i n c i n e r a t i o n p r o c e s s a r e w e i g h t , v o l u m e , w a s t e 
i d e n t i f i c a t i o n e i t h e r by r o u t i n e a n a l y s i s or s a m p l e 
a n a l y s i s p r i o r t o d e l i v e r y , c e r t a i n p h y s i c a l p r o p e r t i e s 
s u c h a s c a l o r i f i c v a l u e , m o i s t u r e c o n t e n t , s u s p e n d e d 
s o l i d s , f l a s h p o i n t and a s h c o n t e n t . C h e m i c a l p r o p e r t i e s 
s u c h a s pH, t h e c o n c e n t r a t i o n o f h a l o g e n a t e d o r g a n i c s and 
h e a v y m e t a l s and- t h e i d e n t i f i c a t i o n and c o n c e n t r a t i o n o f 
t h e major g r o u p s o f o r g a n i c compounds p r e s e n t i n t h e w a s t e 
s h o u l d be t h e minimum t h a t s h o u l d be d e t e r m i n e d p r i o r t o 
w a s t e d i s p o s a l . T h i s w o u l d n o t o n l y p r o v i d e t h e n e c e s s a r y 
i n f o r m a t i o n f o r e f f i c i e n t p r o c e s s management b u t w o u l d 
a l s o e n s u r e t h e p r o t e c t i o n and l o n g l i f e o f t h e e q u i p m e n t 
u s e d a t t h e p l a n t . 
P r e - t r e a t m e n t t e c h n i q u e s l i k e f i l t r a t i o n , h o m o g e n i z a t i o n , 
d e c a n t i n g , e m u l s i o n , s e p a r a t i o n , n e u t r a l i z a t i o n , ' 
d e w a t e r i n g , d i s t i l l a t i o n and s c r e e n i n g may be r e q u i r e d t o 
e n s u r e p r o p e r i n c i n e r a t i o n . 
S p e c i a l t y p e s o f i n c i n e r a t o r s a r e u s e d f o r h a z a r d o u s and 
t o x i c w a s t e s . Some o f t h e p r i n c i p l e s i n v o l v e d a r e : 
( i ) m a t e r i a l t o be c o m b u s t e d must be v a p o r i z e d . 
( i i ) i g n i t i o n t e m p e r a t u r e must be r e a c h e d . 
( i i i ) s u f f i c i e n t a i r must be s u p p l i e d t o s u p p o r t 
c o m b u s t i o n ( u s u a l l y e x c e s s a i r i s s u p p l i e d t o 
i n s u r e c o m p l e t e o x i d a t i o n ) . 
( i v ) t e m p e r a t u r e s a r o u n d 1 0 0 0 d e g r e e s C must be
 ; 
m a i n t a i n e d f o r e f f i c i e n t d e s t r u c t i o n o f h a z a r d o u s 
w a s t e s . 
( v ) t u r b u l e n c e must be p r o v i d e d f o r c o n t a c t and m i x i n g 
. p u r p o s e s . 
( v i ) s u f f i c i e n t r e s i d u e t i m e must be p r o v i d e d f o r t h e 
g a s e s t o i n s u r e c o m p l e t e c o m b u s t i o n ( 2 s e c o n d s f o r 
h a z a r d o u s w a s t e s ) . 
( v i i ) g a s c l e a n i n g d e v i c e s a r e a l m o s t a l w a y s r e q u i r e d . 
A b r i e f o u t l i n e o f t h e major i n c i n e r a t i o n m e t h o d s u s e d f o r 
h a z a r d o u s w a s t e a r e : 
a . ROTARY KILN 
The r o t a r y k i l n i s p r o b a b l y t h e m o s t w i d e l y u s e d 
h a z a r d o u s w a s t e i n c i n e r a t o r . I t c o n s i s t s o f a 
h o r i z o n t a l c y l i n d r i c a l drum w h i c h r o t a t e s t o 
p r o v i d e m i x i n g . I t i s u s e d m a i n l y f o r s o l i d s 
a l t h o u g h p r o v i s i o n c a n be made t o add l i q u i d s and 
g a s e s . 
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b . LIQUID INJECTION 
I n t h i s p r o c e s s a pumpable l i q u i d w a s t e c a n be 
i n j e c t e d i n t o t h e r e a c t o r v e s s e l . An a t o m y z a t i o n 
n o z z l e i s u s e d t o b r e a k up t h e l i q u i d i n t o t i n y 
d r o p l e t s w h i c h would t h e n v a p o u r i z e and c o m b u s t . 
T h i s i s p r o b a b l y t h e mos t w i d e l y u s e d method f o r 
i n c i n e r a t i o n o f l i q u i d h a z a r d o u s w a s t e s . G a s e s may 
a l s o be i n c i n e r a t e d by t h i s method i f an 
i n a p p r o p r i a t e n o z z l e i s u s e d . 
c . FLUIDIZED BED 
In t h i s p r o c e s s a h e a t r e s e r v o i r i s m a i n t a i n e d i n a 
bed o f i n e r t g r a n u l a r m a t e r i a l ( u s u a l l y s a n d ) . 
P r e h e a t e d a i r i s b lown t h r o u g h t h e b o t t o m o f t h e 
r e a c t o r v e s s e l t o p r o v i d e o x y g e n and t u r b u l e n c e . 
T h i s a c t i o n " f l u i d i z e s " t h e s a n d b e d . The p r o c e s s 
h a s no m e c h a n i c a l p a r t s i n t h e h i g h . t e m p e r a t u r e 
a r e a , l o w e x c e s s a i r r e q u i r e m e n t s and i s a p p l i c a b l e 
t o t r e a t i n g s o l i d s , l i q u i d s and g a s e s . 
d . MULTIPLE HEARTH 
T h i s p r o c e s s o f a s e r i e s o f r e f r a c t o r y h e a r t h s 
s p a c e d a b o v e e a c h o t h e r i n s i d e a s h e l l . Was te 
m a t e r i a l p a s s e s down from t h e t o p ' o f t h e h e a r t h t o 
t h e b o t t o m and a i r f o r c o m b u s t i o n and c o o l i n g 
p a s s e s u p w a r d . As t h e w a s t e p a s s e s downward i t i s 
d r i e d , c o m b u s t e d and t h e n c o o l e d . T h i s p r o c e s s i s 
a p p l i c a b l e ^'only t o s o l i d m a t e r i a l s . 
e . AT SEA INCINERATION 
T h i s p r o c e s s i n v o l v e s i n c i n e r a t i n g h a z a r d o u s w a s t e s 
a t s e a by u t i l i z i n g a p l a t f o r m or v e s s e l . Most o f 
t h e i n f o r m a t i o n on t h e p r o c e s s t o d a t e i s on 
b u r n i n g o f o r g a n o c h l o r i n e w a s t e s u s i n g h i g h 
i n t e n s i t y c o m b u s t i o n s y s t e m s . 
3 . 3 . ( i i ) OTHER THERMAL TREATMENT METHODS 
T h e r e a r e s e v e r a l o t h e r t h e r m a l t r e a t m e n t m e t h o d s w h i c h 
a r e f o r t h e mos t p a r t s t i l l i n d e v e l o p m e n t a l s t a g e s f o r 
a p p l i c a t i o n t o h a z a r d o u s w a s t e s . 
a . PYROLYSIS ( s t a r v e d a i r i n c i n e r a t i o n ) 
In t h i s p r o c e s s t h e s o l i d w a s t e i s h e a t e d i n t h e 
a b s e n c e o f o x y g e n . P r o d u c t s i n c l u d e g a s e s ( s u c h a s 
m e t h a n e ) l i q u i d s ( i n c l u d i n g an o i l l i k e f r a c t i o n ) 
and a s o l i d c h a r . So f a r t h i s p r o c e s s h a s n o t l i v e d 
u p t o e a r l y e x p e c t a t i o n s . 
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b . WET OXIDATION 
Wet o x i d a t i o n c o u l d be a c c o m p l i s h e d w i t h a i r o r 
o x y g e n and w i t h and w i t h o u t a c a t a l y s t . B e c a u s e 
t h i s p r o c e s s i s p r e s s u r i z e d ( 2 0 - 2 0 0 a t m o s p h e r e s ) , 
l o w e r t e m p e r a t u r e s ( 2 5 0 - 3 5 0 d e g r e e s C) c a n be 
u s e d and t h e w a t e r i s n o t e v a p o r a t e d . T h i s c a n 
r e s u l t i n c o n s i d e r a b l e e n e r g y s a v i n g s f o r a q u e o u s 
s l u d g e s . H o w e v e r , t h e r e i s l i t t l e v o l u m e r e d u c t i o n 
and t h e w a s t e s t r e a m from t h e p r o c e s s may be h i g h l y 
n o x i o u s . 
c . MICROWAVE PLASMA 
M i c r o w a v e s c a n be u s e d t o g e n e r a t e a l o w e n e r g y 
p l a s m a ( i o n i z e d g a s ) c o n t a i n i n g h i g h l y r e a c t i v e 
f r e e r a d i c a l s . O r g a n i c s a r e q u i c k l y d e g r a d e d i n 
t h i s e n v i r o n m e n t . The p r o c e s s i s f o r s m a l l 
a p p l i c a t i o n s and i s v e r y e x p e n s i v e . I t i s h o p e d 
t h a t i t may be s u i t a b l e f o r d e s t r u c t i o n o f h i g h l y 
t o x i c w a s t e s . 
The I n c i n e r a t i o n o f h a z a r d o u s w a s t e s r e s u l t s v i r t u a l l y i n 
c o m p l e t e d e s t r u c t i o n o f t h e m a t e r i a l . The t h r e e " T ' s " o f 
c o m b u s t i o n a r e o f s i g n i f i c a n t i m p o r t a n c e i n t h e 1 
i n c i n e r a t i o n p r o c e s s - T i m e , T e m p e r a t u r e and T u r b u l e n c e . 
W h i l e t h e r e s i d e n c e t i m e and t u r b u l e n c e a r e i n c o r p o r a t e d 
i n t o t h e i n c i n e r a t o r d e s i g n , t h e y c a n o n l y be m a r g i n a l l y 
c h a n g e d a f t e r t h e i n c i n e r a t o r h a s b e e n b u i l t . C o m b u s t i o n 
t e m p e r a t u r e s a r e c o n t r o l l a b l e by t h e - o p e r a t o r and f o u r 
m e t h o d s a r e u t i l i z e d f o r t h i s . E x c e s s a i r r a t i o , r a d i a n t 
h e a t t r a n s f e r , two s t a g e c o m b u s t i o n , and d i r e c t h e a t 
t r a n s f e r . 
A i r p o l l u t i o n - r e s u l t i n g from i n c i n e r a t i o n a s o b s e r v e d by 
t h e t y p e and q u a n t i t y o f p o l l u t a n t s d e p e n d s upon t h e 
c o m p o s i t i o n o f t h e w a s t e , t h e t y p e o f i n c i n e r a t i o n s y s t e m , 
c o n t r o l o f f l u e g a s i n t h e f u r n a c e and t h e i n c i n e r a t i o n 
t e m p e r a t u r e . S e p a r a t e g a s c l e a n i n g p r o c e s s e s a r e n o r m a l l y 
r e q u i r e d . The r e m o v a l o f d u s t i s p o s s i b l e by t h e u s e o f 
c y c l o n e s , f i l t e r b a g s , e l e c t r o s t a t i c p r e c i p i t a t o r s and w e t 
s c r u b b e r s . C y c l o n e s , h o w e v e r , a r e n o t s u f f i c i e n t l y 
e f f i c i e n t f o r f i n e p a r t i c l e s . F l u e g a s e s h a v e t o be 
e x t e n s i v e l y c o o l e d , w h i c h c o u l d be v e r y e x p e n s i v e i n t h e 
u s e o f f i l t e r b a g s . For t h e a b s o r p t i o n o f n o x i o u s g a s e s , 
s u c h a s h y d r o g e n c h l o r i d e , h y d r o g e n f l u o r i d e o r s u l p h u r 
d i o x i d e . V a r i o u s t y p e s o f s c r u b b e r s h a v e p r o v e d r e l i a b l e . 
A l l t h e s e p r o c e s s e s u s e w a t e r s o l u b i l i t y o f t h e s e g a s e s 
f o r r e m o v a l . H o w e v e r , t h e r e m o v a l o f s u l p h u r d i o x i d e 
n e e d s a l k a l i n e a b s o r p t i o n a g e n t s i n a d d i t i o n t o t h e b a s i c 
s c r u b b e r . The s c r u b b e r l i q u i d w i l l h a v e t o be t r e a t e d 
p r i o r t o d i s p o s a l i n t o t h e s e w a g e s y s t e m due t o 
c o n t a m i n a t i o n . Common m e t h o d s o f t r e a t m e n t o f s c r u b b e r 
l i q u i d s a r e n e u t r a l i z a t i o n and s o l i d s s e p a r a t i o n . The 
s o l i d p o r t i o n may h a v e t o be d e w a t e r e d and d i s p o s e d o f i n 
a s e c u r e l a n d f i l l . Dry r e m o v a l p r o c e s s e s w h i c h w o u l d 
r e s u l t i n a b s o r p t i o n o f t o x i c g a s e s w i t h s o l i d a b s o r p t i o n 
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a g e n t s s u c h a s l i m e , a c t i v a t e d c a r b o n , h a v e a l s o b e e n u s e d 
f o r f l u e g a s c l e a n i n g . 
Due t o t h e c u r r e n t r i s e i n f u e l p r i c e s , t h e u s e o f c e r t a i n 
h a z a r d o u s w a s t e s a s f u e l s u p p l e m e n t s h a v e become an 
i n c r e a s i n g l y a t t r a c t i v e p r o p o s i t i o n . The d i r e c t c o s t 
s a v i n g s may be s i g n i f i c a n t and t h e o i l s a v e d c a n be u s e d 
a s a raw m a t e r i a l f o r o t h e r p u r p o s e s . By u s i n g h a z a r d o u s 
w a s t e s a s a f u e l s u p p l e m e n t i n c e r t a i n p r o d u c t i o n 
p r o c e s s e s s u c h a s t h e c e m e n t i n d u s t r y , t h e n o x i o u s 
s u b s t a n c e s and r e s i d u e s p r o d u c e d d u r i n g i n c i n e r a t i o n may 
be c o m p l e t e l y bound i n t h e p r o d u c t w i t h o u t d e t r i m e n t t o 
t h e e n v i r o n m e n t a s w e l l a s t h e p r o d u c t . The p r i n c i p a l 
w a s t e s o f i n t e r e s t h a v e h i g h c a l o r i f i c v a l u e , i n e r t 
c o n s t i t u e n t s w i t h no d e t r i m e n t a l e f f e c t on c l i n k e r q u a l i t y 
and v o l a t i l e t o x i c c o n s t i t u e n t s can be a b s o r b e d by t h e raw 
m a t e r i a l and i n c o r p o r a t e d i n t h e c l i n k e r or e x t r a c t e d v i a 
a f l y a s h b y p a s s . The f o l l o w i n g t y p e s o f w a s t e s a r e 
c u r r e n t l y b e i n g i n v e s t i g a t e d t o d e t e r m i n e t h e i r 
s u i t a b i l i t y f o r u s e i n t h e c e m e n t p r o d u c t i o n p r o c e s s i n 
s e v e r a l d e v e l o p e d c o u n t r i e s : • 
o l d t y r e s and o t h e r r u b b e r w a s t e 
- w a s t e o i l 
- a c i d t a r , b l e a c h i n g e a r t h s 
h a l o g e n a t e d h y d r o c a r b o n s 
- v a r n i s h and p a i n t w a s t e s 
t h e o r g a n i c f r a c t i o n o f h o u s e h o l d w a s t e s 
t h e o r g a n i c f r a c t i o n from c a r s h r e d d i n g 
i n d u s t r i a l and s e w a g e s l u d g e w i t h h i g h 
c a l o r i f i c v a l u e s . 
C" 
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TREATMENT METHODS APPLICABLE TO VARIOUS I N D U S T R I E - I ^ ^ 
T h i s s e c t i o n c o n t a i n s a b r i e f d e s c r i p t i o n o f t r e a t m e n t 
m e t h o d s t h a t may be a p p l i c a b l e t o c e r t a i n s e l e c t e d 
i n d u s t r i e s . 
4 . 1 . WASTES FROM SOFT DRINK INDUSTRIES 
The s o f t d r i n k ( n o n - a l c o h o l i c ) I n d u s t r y p r o d u c e s w a s t e s 
from w a s h i n g p r o d u c t i o n o f s y r u p , b o t t l i n g and c o o l i n g 
w a t e r . T h i s w a s t e i s n o t c o n s i d e r e d a s t o o h a z a r d o u s t o 
w a t e r w a y s . N e v e r t h e l e s s , i t i m p o s e s a s u b s t a n t i a l s t r a i n 
on t h e r e c e i v i n g w a t e r s . The w a s t e s h o u l d c o n s i s t o f a pH 
o f b e t w e e n 1 0 - 1 1 , a l k a l i n i t y o f 3 0 0 ppm and a BOD o f 4 5 0 
ppm. The s u s p e n d e d s o l i d s a r e a r o u n d 2 0 0 ppm. A w a s t e o f 
t h i s c o m p o s i t i o n c h a n g e s t h e pH, d e p l e t e s DO and r a i s e s 
t h e t e m p e r a t u r e o f t h e r e c e i v i n g w a t e r s . An a p p r o p r i a t e 
method o f t r e a t m e n t c o u l d be l a g o o n i n g o r s t a b i l i z a t i o n 
p o n d s . 
4 . 2 . WASTES FROM BREWERIES, DISTILLERIES, ANTIBIOTICS, ETC. 
D i s t i l l e r y w a s t e c o n s i s t s m a i n l y o f m o l a s s e s s l o p . T h e s e 
w a s t e s c o n t a i n n i t r o g e n , f e r m e n t e d s t a r c h and t h e i r 
p r o d u c t s and s u s p e n d e d s o l i d s ( 2 5 0 - 6 5 0 p p m ) . The BOD 
v a l u e s f o r b r e w e r y w a s t e s a r e b e t w e e n 5 0 0 - 1 2 0 0 ppm. 
D i s t i l l e r y w a s t e s h a v e a BOD v a l u e o f 1 5 , 0 0 0 - . 2 5 , 0 0 0 ppm 
and a n t i b o t i c w a s t e s h a v e a BOD o f 1 0 , 0 0 0 ppm. The w a s t e 
s t r e a m w o u l d i n p a r t o d o u r , c o l o u r t a s t e and d e p l e t e t h e DO 
i n t h e r e c e i v i n g w a t e r a s w e l l a s h a v e a h e a v y s t r a i n on 
t h e s e l f p u r i f i c a t i o n p r o c e s s b e c a u s e o f t h e h i g h BOD 
c o n t e n t . 
A p p r o p r i a t e t r e a t m e n t m e t h o d s i n c l u d e : s e t t l i n g , l i m e 
f l o c c u l a t i o n , c e n t r i f u g a t i o n , e v a p o r a t i o n , b r o a d 
i r r i g a t i o n , a c t i v a t e d s l u d g e p r o c e s s w i t h h i g h a e r a t i o n 
and t r i c k l i n g f i l t e r s . The p o t e n t i a l f o r s p e n t p r o d u c t 
r e c o v e r y i s a l s o a v a i l a b l e . For e x a m p l e , a n t i b i o t i c w a s t e 
c o u l d y i e l d V i t a m i n B - 1 2 . The s o l i d s c o u l d be u s e d i n raw 
o r c o m p o s t e d form a s a n i m a l f e e d s o r f e r t i l i z e s . 
4 . 3 . WASTES FROM PHARMACEUTICALS 
The w a s t e s from t h e p r o d u c t i o n o f p h a r m a c e u t i c a l s c o n t a i n 
h i g h s u s p e n d e d and d i s s o l v e d o r g a n i c m a t t t e r a s w e l l a s 
h i g h BOD. P h a r m a c e u t i c a l w a s t e s g e n e r a l l y c o n t a i n 
n u t r i e n t s , o r g a n i c r e s i d u e s from f e r m e n t a t i o n s , m y c e l i u m , 
r e s i d u a l s o l v e n t s , d e f o a m i n g a g e n t s , o t h e r o r g a n i c 
compounds o f v a r y i n g d e g r e e s o f b i o d e g r a d a b i l i t y and 
t o x i c i t y and wash w a t e r s . The d i s c h a r g e o f t h i s t y p e o f 
w a s t e i n t o n a t u r a l w a t e r w a y s r e s u l t s i n h i g h t u r b i d i t y , 
f o u l t a s t e and d e p l e t e d DO. P h a r m a c e u t i c a l w a s t e s h a v e 
b e e n s a t i s f a c t o r i l y t r e a t e d w i t h m u n i c i a p l s e w a g e i n a 
• ' 0 2 4 7 . 8 
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c o n v e n t i o n a l s e w a g e t r e a t m e n t p l a n t . When t h i s f a c i l i t y i s 
n o t . . a v a i l a b l e t h e w a s t e can be t r e a t e d by a e r a t i o n 
f o l l o w e d by b i o l o g i c a l f i l t e r a t i o n . 
S i n c e s t u d i e s h a v e shown t h a t a e r a t i o n i s t h e b e s t method 
of t r e a t m e n t t h e o x i d a t i o n d i t c h p r o c e s s h a s b e e n 
s u c c e s s f u l l y u s e d f o r t h e r e d u c t i o n o f BOD from 3 1 0 0 ppm 
t o 3 0 0 ppm p r i o r t o d i s c h a r g e i n t o w a t e r w a y s , i n I n d i a by 
A l e m b i c C h e m i c a l Works , B a r o d a . 
C o m p o s t i n g o f p h a r m a c e u t i c a l w a s t e h a s b e e n p r o v e d t o be 
v e r y s u c c e s s f u l a s a t r e a t m e n t method i n l a b o r a t o r y s c a l e 
s t u d i e s c o n d u c t e d by t h e a u t h o r . 
F u r t h e r , work c o n d u c t e d a t t h e S y n t h e t i c D r u g s P l a n t i n 
H y d e r a b a d , I n d i a h a s b e e n a b l e t o d e m o n s t r a t e t h a t 6 1 0 , 0 0 0 
l i t r e s / d a y o f c h e m i c a l w a s t e c o m p r i s i n g o f l o w 
c o n c e n t r a t i o n s o f 1 2 0 c h e m i c a l s can be s u c c e s s f u l l y 
t r e a t e d . The a d o p t e d t r e a t m e n t s t r a t e g y was n e u t r a l i z a t i o n 
and b i o l o g i c a l t r e a t m e n t by t r i c k l i n g f i l t e r s . The 
t r e a t m e n t m e t h o d s m e n t i o n e d i n t h i s s e c t i o n a r e 
e c o n o m i c a l l y and t e c h n o l o g i c a l l y a p p r o p r i a t e f o r u s e i n 
S r i Lanka . 
WASTES FROM TANNERIES 
T a n n e r y w a s t e s p r o d u c e d from v e g e t a b l e or chrome t a n n i n g 
p r o c e s s e s a r e some o f t h e m o s t d i f f i c u l t w a s t e s t r e a m s t o 
d i s p o s e o f i n an e n v i r o n m e n t a l l y sound m a n n e r . The chrome 
t a n n i n g w a s t e c o n t a i n s chromium w h i c h i s c o n s i d e r e d t o be 
t o x i c . The m e t h o d s ' o f w a s t e p r o d u c t i o n i n c l u d e s t o r i n g , 
u n h a i r i n g , f l a s h i n g , s o a k i n g , d e l i m i n g , b a t i n g ( s o f t e n i n g 
h i d e s by a l k a l i n e l y e ) o f h i d e s , p i c k l i n g , b l e a c h i n g , 
t a n n i n g , d y e i n g , f i n i s h i n g and w a s h i n g . A p p r o x i m a t e l y 
8 0 , 0 0 0 - 1 2 0 , 0 0 0 l i t r e s o f w a s t e w a t e r i s p r o d u c e d p e r t o n 
o f w e t and s a l t e d h i d e s p r o c e s s e d . T h i s w a s t e w a t e r 
c o n t a i n s h i g h t o t a l s o l i d s ( 2 , 0 0 0 - 7 5 , 0 0 0 ppm) s u s p e n d e d 
and s o l u b l e s a l t s ( s o d i u m c h l o r i d e , c h r o m i u m s , s u l p h i d e s 
and p r e c i p i t a t e d l i n e s ) s k i n t i s s u e s , p r o t e i n s , h a i r , 
b l o o d , d i r t , f i l t h and s y n t h e t i c o r g a n i c c o m p o u n d s . The 
a v e r a g e BOD i s 5 0 0 - 5 , 0 0 0 ppm and pH i s 11 - 1 2 . The 
w a s t e w a t e r i s r e s p o n s i b l e t o i m p a r t c o l o u r and o d o u r i n 
t h e s t r e a m a s w e l l a s d e p l e t e DO c h a n g e pH, add h a r d n e s s 
and c r e a t e u n a e s t h e t i c c o n d i t i o n s due t o p u t r e s c i b l e 
m a t t e r . The w a s t e p r o d u c e d by t a n n e r i e s u s i n g t h e 
v e g e t a b l e t a n n i n g p r o c e s s p r o d u c e s t a n n i n w h i c h i s m a i n l y 
r e s p o n s i b l e f o r many o f i t s u n d e s i r a b l e c h a r a c t e r i s t i c s . 
The a p p r o a c h t h a t s h o u l d be u s e d u n d e r t h e s e c o n d i t i o n s i s 
f o r t h e a c t u a l r e m o v a l o f t a n n i n r a t h e r t h a n on 
c o n v e n t i o n a l p a r a m e t e r s s u c h a s BOD and COD. 
The recommended t r e a t m e n t m e t h o d s f o r t a n n e r y w a s t e s a r e 
c h e m i c a l p r e c i p i t a t i o n f o l l o w e d by t r e a t m e n t i n t r i c k l i n g 
f i l t e r s , and s a n d f i l t e r s . The s l u d g e g e n e r a t e d c a n be 
s u c c e s s f u l l y c o m p o s t e d . 
- 2 7 -
4 . 5 . WASTE FROM PAPER INDUSTRIES 
The p a p e r i n d u s t r i e s a r e n o t o r i o u s f o r p r o d u c i n g l a r g e 
q u a n t i t i e s o f t r o u b l e s o m e w a s t e . The q u a n t i t y o f w a s t e 
p r o d u c e d from p a p e r i n d u s t r i e s c o m p r i s e a p p r o x i m a t e l y 
2 2 5 , 0 0 0 l i t r e s o f w a s t e p e r t o n o f p a p e r w h i c h a r e 
p r o d u c e d from c o o k i n g , r e f i n i n g and w a s h i n g o f f i b r e s , 
w a s h i n g o f p a p e r p u l p and b l e a c h i n g . T h e s e w a s t e s c o n t a i n 
bark and s a w d u s t , d u s t , b l a c k c a r b o n r e s i d u e , l i m e s l u d g e , 
c l a y and c a r b o n . The s u s p e n d e d s o l i d s a r e a r o u n d 1 5 0 -
1 , 0 0 0 ppm. The pH v a r i e s a r o u n d 7 . 5 - 9 . 5 , w h i l e t h e BOD 
i s 1 5 0 - 1 , 0 0 0 ppm. When p a p e r p r o c e s s i n g w a s t e s a r e 
d i s c h a r g e d t o s t r e a m s t h e y i m p a r t c o l o u r , t u r b i d i t y and 
h a r d n e s s ; i n c r e a s e b o t t o m d e p o s i t s , d e p l e t e DO, e n c o u r a g e 
s l i m e g r o w t h s and i n g e n e r a l c r e a t e u n r i g h t l y c o n d i t i o n s . 
The t r e a t m e n t m e t h o d s c u r r e n t l y b e i n g u s e d i n c e r t a i n 
d e v e l o p i n g c o u n t r i e s i n c l u d e s c r e e n i n g , s e t t l i n g , 
f l o c c u l a t i o n , f i l t r a t i o n , l a g o o n i n g , a e r a t i o n f o l l o w e d by 
c o a g u l a t i o n , a n a e r o b i c d i g e s t i o n , t r i c k l i n g f i l t e r s , 
a c t i v a t e d s l u d g e p r o c e s s e s ( s p e c i a l l y f o r h i g h BOD 
w a s t e s ) , o x i d a t i o n d i t c h e s and p o n d s , i r r i g a t i o n o f c r o p s , 
e t c . No m u n i c i p a l s e w a g e t r e a t m e n t h a s been f o u n d 
s a t i s f a c t o r y f o r s u l p h i t e l i q u o r w a s t e s . S e v e r a l 
p r o c e s s e s s u c h a s f e r m e n t a t i o n w i t h y e a s t , e v a p o r a t i o n , 
a e r a t i o n o f n a t u r a l s t r e a m s , l a g o o n i n g , h e a t i n g u n d e r h i g h 
p r e s s u r e , b a s e e x c h a n g e t o s u b s t i t u t e s u c h b a s e s a s 
ammonia m a g n e s i a and s o d a f o r c a l c i u m h a v e b e e n a t t e m p t e d 
u n s u c c e s s f u l l y . A s i m p l e and e c o n o m i c p r o c e s s f o r p a p e r 
w a s t e t r e a t m e n t h a s y e t t o be f o u n d . 
P r o d u c t r e c o v e r y h a s r e s u l t e d i n c e r t a i n p o r t i o n s o f t h e 
w a s t e s t r e a m b e i n g u s e d a s r o a d b i n d e r s , f u e l s and 
f e r t i l i z e r s i n c e r t a i n c o u n t r i e s . 
4 . 6 . WASTES FROM NATURAL TEXTILE AND WOOL SCOURING INDUSTRIES 
(USING WOOL, SILK, HAIR, COTTON, FLAX AND HEMP) 
L a r g e v o l u m e s o f w a s t e a r e p r o d u c e d f rom t e x t i l e 
i n d u s t r i e s c o n s i s t i n g o f v a r y i n g d e g r e e s o f p o l l u t i o n a l 
s t r e n g t h s . Most t e x t i l e w a s t e s c o n t a i n h i g h l e v e l s o f 
s u s p e n d e d s o l i d s ( 3 , 0 0 0 ppm) d i r t , s o a p , d e t e r g e n t s , d y e s , 
g r e a s e , e t c . S t u d i e s c o n d u c t e d i n I n d i a show t h a t t h e BOD 
l e v e l i n t h e w a s t e was b e t w e e n 1 , 0 0 0 - 8 , 0 0 0 ppm and 
c o n s i s t e d o f a h i g h pH due t o c a u s t i c a l k a l i . When t h i s 
w a s t e e n t e r s t h e w a t e r w a y s i t i m p a r t s c o l o u r and 
t u r b i d i t y , c h a n g e s t h e pH, d e p l e t e s DO, and i n c r e a s e s t h e 
t e m p e r a t u r e o f t h e s t r e a m . T h i s w a s t e c a n be t r e a t e d by a 
c o m b i n a t i o n o f s e v e r a l t e c h n i q u e s . The c h a r a c t e r i s t i c s o f 
t h e w a s t e h a s t o be a s s e s s e d p r i o r t o d e v e l o p i n g a 
s u i t a b l e t r e a t m e n t p r o c e s s . A p p r o p r i a t e t r e a t m e n t i n c l u d e s 
n e u t r a l i z a t i o n , c h e m i c a l p r e c i p i t a t i o n , f i l t r a t i o n , p r e 
and p o s t a e r a t i o n , c h e m i c a l o x i d a t i o n , b i o l o g i c a l 
t r e a t m e n t ( t r i c k l i n g f i l t e r , a c t i v a t e d s l u d g e and 
o x i d a t i o n p o n d s ) . P r i m a r y i n p l a n t t r e a t m e n t may a l s o be 
h e l p f u l . 
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The most o b n o x i o u s t y p e o f w a s t e p r o d u c e d by t h e t e x t i l e 
i n d u s t r y w h i c h i s h i g h l y a l k a l i n e and c o n t a i n s f a t t y and 
o i l y m a t t e r s a r e p r o d u c e d by b o i l i n g c e r t a i n t e x t i l e s 
under p r e s s u r e i n t h e p r e s e n c e o f m i l k o f l i m e or s o d a . 
T h e s e w a s t e s s h o u l d be t r e a t e d s e p a r a t e l y by 
n e u t r a l i z a t i o n and p r e c i p i t a t i o n w i t h s u l p h u r i c a c i d . 
The w a s t e s from d y e i n g and p r i n t i n g p r o c e s s e s a r e n o t 
c o n s i d e r e d t o be h i g h l y p o l l u t i n g , t h u s , c a n be t r e a t e d by 
s c r e e n i n g , s e d i m e n t a t i o n , c h e m i c a l p r e c i p i t a t i o n and sand 
f i l t r a t i o n . 
WASTES FROM GARMENT WASHING INDUSTRIES 
The w a s t e p r o d u c e d by t h i s t y p e o f i n d u s t r y i s q u i t e 
d i l u t e t h u s d o e s n o t p r o d u c e an undue p o l l u t i o n h a z a r d . 
The c o m p o s i t i o n o f t h e s e w a s t e w a t e r s a r e known t o c o n s i s t 
o f d y e s , g r e a s e , o r g a n i c s o l i d s , s o a p , d e t e r g e n t s , 
h y p o c h l o r i t e s , s o d a , s t a r c h and d i r t washed from c l o t h e s 
and a r e s o a p y , p u t r e s c i b l e , t u r b i d and a l k a l i n e . The ' 
s u s p e n d e d s o l i d s r a n g e s from 4 0 0 - 1 , 0 0 0 ppm and t h e BOD 
i s 3 0 0 - 1 , 0 0 0 ppm. The pH i s a l s o r e l a t i v e l y h i g h i n t h i s 
w a s t e , w i t h a g r e a s e c o n t e n t o f a b o u t 5 5 0 ppm. When' 
d i s c h a r g e d i n t o s t r e a m s t h e y c a u s e t u r b i d i t y and f o a m i n g 
and d e p l e t e DO. 
T h e r e a r e s e v e r a l m e t h o d s by w h i c h w a s t e s from waishing 
i n d u s t r i e s can be t r e a t e d . They i n c l u d e , s c r e e n i n g , 
a c i d i f i c a t i o n ( f o r pH a d j u s t m e n t ) f o l l o w e d by c h e m i c a l 
p r e c i p i t a t i o n ( a l u m , l i m e or f e r r i c s a l t s c a n be u s e d ) , 
f l o a t a t i o n o f f l o c c u l a t e d c o a g u l a n t s and a b s o r p t i o n o f 
c o l l o i d a l s o i l s , h i g h r a t e t r i c k l i n g f i l t e r s and s e c o n d a r y 
s e t t i n g . 
WASTES FROM INDUSTRIES OF SYNTHETIC RESINS, FIBRES (RAYON, 
CASEIN, POLYAMIDE, POLYESTER) AND PLASTICS 
W a s t e s from t h e a b o v e m e n t i o n e d i n d u s t r i e s s o m e t i m e s 
c o n t a i n f o r m a l d e h y d e and c o p p e r c o m p o u n d s . The BOD l e v e l s 
s h o u l d be a r o u n d 5 0 0 - 2 , 0 0 0 ppm. The w a s t e w a t e r i s known 
t o be t o x i c t o b a c t e r i a i n w a t e r w a y s i f d i s c h a r g e d i n h i g h 
c o n c e n t r a t i o n s . The t r e a t m e n t method c o u l d i n c l u d e 
t r i c k l i n g f i l t e r s ( i f t h e c o n c e n t r a t i o n i s n o t v e r y h i g h ) 
and a b s o r p t i o n on a c t i v a t e d c a r b o n . T h e r e i s a 
p o s s i b i l i t y f o r c o p p e r r e c o v e r y from t h e w a s t e . 
WASTES FROM OILING, MIXING AND REFINING INDUSTRIES 
The w a s t e s p r o d u c e d by t h i s t y p e o f i n d u s t r y i s known t o 
c o n t a i n c h e m i c a l s s u c h a s a c i d s , a l k a l i e s , ammonia, 
m e r c a p t a i n s , p h e n o l s , s u l p h u r c o m p o u n d s , h i g h s u s p e n d e d or 
d i s s o l v e d s o l i d s . The BOD i s known t o be h i g h . T h e s e 
w a s t e s i m p a r t c o l o u r , t u r b i d i t y , o d o u r , t a s t e i n t h e 
s t r e a m t o w h i c h i t i s d i s c h a r g e d . T h e r e i s a l s o a 
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s i g n i f i c a n t d e p l e t i o n o f DO. i n t h e r e c e i v i n g w a t e r s . The 
a v a i l a b l e t r e a t m e n t m e t h o d s i n c l u d e e m u l s i f i c a t i o n , 
c h e m i c a l f l o c c u l a t i o n , a i r f l o a t a t i o n , a c i d i f i c a t i o n , 
t h i c k e n i n g & b u r n i n g and b i o l o g i c a l t r e a t m e n t . Most o i l y 
w a s t e s a r e known t o be h i g h l y b i o d e g r a d a b l e . The p o t e n t i a l 
f o r r e s o u r c e r e c o v e r y e x i s t s . C e r t a i n i n s t a n c e s w h e r e o i l s 
and s a l t s h a v e b e e n r e c o v e r e d h a v e b e e n c i t e d i n t h e 
l i t e r a t u r e . The r e - u s e o f w a t e r s h o u l d be e n c o u r a g e d . 
4 . 1 0 . WASTES FROM RUBBER INDUSTRIES • 
Rubber i n d u s t r y w a s t e s c o n t a i n h i g h c h l o r i d e s , h i g h 
s u s p e n d e d s o l i d s ( 2 , 0 0 0 - 1 0 , 0 0 0 ppm) h i g h BOD ( 3 , 5 0 0 -
1 2 , 5 0 0 ppm f o r r e c l a i m e d r u b b e r and u p t o 1 , 6 0 0 ppm f o r 
s y n t h e t i c r u b b e r ) . T h e s e w a s t e s c a u s e o d o u r , r e n d e r t h e 
w a t e r u n p a l a t a b l e and c o r r o s i v e and d e p l e t e t h e DO i n t h e 
r e c e i v i n g s t r e a m . The p o s s i b l e t r e a t m e n t m e t h o d s i n c l u d e 
a e r a t i o n , c h l o r i n a t i o n , s u l p h o n a t i o n and b i o l o g i c a l 
t r e a t m e n t . 
4 . 1 1 . WASTES FROM FORMALDEHYDE INDUSTRIES 
T h e s e w a s t e s a r e p r o d u c e d by w a s h i n g d r a i n a g e and 
d i s p o s a l . The r e c e i v i n g w a t e r s t e n d t o be a f f e c t e d by 
c o l o u r t o x i c i t y , a c i d t a s t e and h a r d n e s s . The p o s s i b l e 
t r e a t m e n t m e t h o d s i n c l u d e a e r a t i o n , a c t i v a t e d s l u d g e 
p r o c e s s , t r i c k l i n g f i l t e r s , f l o a t a t i o n and c h e m i c a l 
p r e c i p i t a t i o n . 
4 . 1 2 . . WASTES FROM DYEING INDUSTRIES 
Dye w a s t e c o n t a i n s o r g a n i c c o m p o u n d s . The COD i s known t o 
be h i g h . The i m p a c t o f c o l o u r and t h e e m i s s i o n o f H y d r o g e n 
. S u l p h i d e from s u l p h u r d y e s . The a v a i l a b l e t r e a t m e n t 
m e t h o d s i n c l u d e c h e m i c a l p r e c i p i t a t i o n and c o a g u l a t i o n , 
f o l l o w e d by f i l t r a t i o n . The p o s s i b i l i t y o f r e c o v e r y o f 
i n d i g o e x i s t s by o x i d a t i o n and a c i d i f i c a t i o n . 
4 . 1 3 . . WASTES FROM STEEL AND IRON INDUSTRIES 
W a s t e s a r e p r o d u c e d by c o k i n g o f c o a l , w a s h i n g o f b l a s t 
f u r n a c e and r o l l i n g m i l l s , f l u e g a s wash w a t e r , p i c k l i n g 
o f s t e e l c o o l i n g w a t e r s and d r a i n a g e . The c o m p o s i t i o n o f 
t h e w a s t e s i n c l u d e c y a n o g e n , p h e n o l , o r e , c o k e , 
l i m e s t o n e s , l u b r i c a n t s , o i l s , d i r t , m i l l s c a l e , w e t t i n g 
a g e n t s s u s p e n d e d s o l i d s , s a n d . f r e e a c i d s and i r o n ' s a l t s . 
The pH o f t h e w a s t e w a t e r i s l o w . When d i s c h a r g e d i n t o 
s t r e a m s t h e y i n t e r f e r e w i t h a q u a t i c l i f e and i m p a r t 
c o l o u r , o d o u r and t a s t e . The m o s t o b j e c t i o n a b l e p a r t s o f 
t h e s e w a s t e s a r e c y a n o g e n and p h e n o l . The w a s t e c a n be 
t r e a t e d by t h e f o l l o w i n g m e t h o d s . C l a r i f i c a t i o n , ' 
n e u t r a l i z a t i o n w i t h l i m e , c h e m i c a l c o a g u l a t i o n , s c r e e n i n g , 
s k i m m i n g , e v a p o r a t i o n and c r y s t a l l i z a t i o n . 
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WASTES FROM METAL PLATED PRODUCTS INDUSTRY 
T h e s e w a s t e s a r e p r o d u c e d from c l e a n i n g and c o n v e r s i o n 
p r o c e s s e s , c o o l i n g w a t e r s , p l a t i n g and a n o d i z i n g p r o c e s s e s 
e t c . The w a s t e c o n t a i n s K e t o n e s , h y d r o c a r b o n s , c h l o r i n a t e d 
h y d r o c a r b o n s , c y a n i d e s , a c i d s , m e t a l s , o i l s , t h i n n e r s and 
p i g m e n t s . Most o f t e n t h i s w a s t e i s i n t h e a c i d i c pH r a n g e . 
The w a s t e s i m p a r t c o l o u r , o d o u r , t a s t e , c o r r o s i o n and 
t o x i c i t y . The a v a i l a b l e t r e a t m e n t m e t h o d s i n c l u d e t h e 
a l k a l i n e c h l o r i n a t i o n o f c y a n i d e , r e d u c t i o n and 
p r e c i p i t a t i o n o f chromium, l i m e p r e c i p i t a t i o n o f m e t a l s , 
s e p a r a t i o n o f o i l and g r e a s e , n e u t r a l i z a t i o n and 
p r e c i p i t a t i o n , r e d u c t i o n and i r o n e x c h a n g e and d e s t r u c t i o n 
by o x i d a t i o n . 
DISPOSAL AND RECOVERY 
A f t e r t r e a t m e n t t h e r e i s t y p i c a l l y a r e s i d u e t o be 
d i s p o s e d o f i n an e n v i r o n m e n t a l l y a c c e p t a b l e m a n n e r . With 
i n c i n e r a t i o n , f o r e x a m p l e , t h e r e t h e a s h ; w i t h a c t i v a t e d 
s l u d g e , t h e r e i s t h e w a s t e s l u d g e . In t h e c a s e o f 
s e p a r a t i o n and c o n c e n t r a t i o n t e c h n i q u e s , t h e mass and 
v o l u m e may be r e d u c e d , b u t t h e d e g r e e o f h a z a r d may be 
i n c r e a s e d . With d e g r a d a t i o n and d e t o x i f i c a t i o n m e t h o d s , 
t h e d e g r e e o f h a z a r d may h a v e b e e n r e d u c e d , b u t n o t 
c o m p l e t e l y e l i m i n a t e d . U l t i m a t e d i s p o s a l t h e n b e c o m e s a 
major c o n c e r n . 
RECOVERY 
I n many c a s e s , t h e v a l u a b l e raw m a t e r i a l s , i n t e r m e d i a t e s 
o r p r o d u c t s c a n be r e c o v e r e d from h a z a r d o u s w a s t e s . 
M i x t u r e o f w a s t e s o l v e n t s , f o r e x a m p l e , c a n be s e p a r a t e d 
i n t o p u r e s o l v e n t by d i s t i l l a t i o n . S p e n t c a u s t i c s c a n be 
u s e d t o n e u t r a l i z e s p e n t a c i d s , r a t h e r t h a n p u r c h a s e 
v i r g i n m a t e r i a l s . I t i s recommended t h a t when c o n s i d e r i n g 
t h e e c o n o m i c s o f s u c h p r o c e s s e s i t i s i m p o r t a n t t o a c c o u n t 
n o t o n l y f o r t h e v a l u e o f t h e r e c o v e r e d m a t e r i a l , b u t a l s o 
f o r t h e s a v i n g i n d i s p o s a l c o s t s f o r t h e r e c o v e r e d 
m a t e r i a l . 
a . WASTE EXCHANGES 
C e r t a i n d e v e l o p e d c o u n t r i e s h a v e formed w a s t e 
e x c h a n g e s t o a i d i n t h e r e c o v e r y o f h a z a r d o u s 
w a s t e s . T h e s e w a s t e e x c h a n g e s a r e b a s e d on t h e 
p r e m i s e t h a t o n e i n d u s t r y ' s w a s t e may be a n o t h e r ' s 
raw m a t e r i a l . T h e s e C o u n t r i e s h a v e two t y p e s o f 
s u c h e x c h a n g e s . Waste i n f o r m a t i o n e x c h a n g e s o r 
c l e a r i n g h o u s e s p r o v i d e l i s t i n g s o f w a s t e s 
a v a i l a b l e and w a s t e s w a n t e d , a c t i n g a s a medium f o r 
b r i n g i n g i n t e r e s t e d p a r t i e s t o g e t h e r . Waste 
m a t e r i a l e x c h a n g e s on t h e o t h e r hand a c t u a l l y 
a r r a n g e t r a n s f e r s , a c t i n g a s b u y e r s and s e l l e r s o f 
w a s t e s . 
b . PROCESS MODIFICATION 
A n o t h e r a l t e r n a t i v e i s t o make m o d i f i c a t i o n s i n t h e 
p r o c e s s w h i c h g e n e r a t e d t h e w a s t e i n i t i a l l y . T h i s 
m i g h t mean s u b s t i t u t i n g a l e s s h a z a r d o u s m a t e r i a l , 
u s i n g s m a l l e r q u a n t i t i e s o f h a z a r d o u s m a t e r i a l s , o r 
a l l o w i n g l e s s o f t h e h a z a r d o u s m a t e r i a l t o e s c a p e 
i n t h e w a s t e . I n some c a s e s , i t may be d e s i r a b l e t o 
e l i m i n a t e a p r o d u c t e n t i r e l y b e c a u s e o f t h e w a s t e 
p r o b l e m i t r e p r e s e n t s , ( f o r e x a m p l e , PCB's i n t h e 
U . S . A . ) . 
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DISPOSAL 
U n f o r t u n a t e l y , c o m p l e t e t r e a t m e n t , r e c o v e r y , o r p r o c e s s 
m o d i f i c a t i o n i s n o t a l w a y s p o s s i b l e . In t h i s c a s e a 
f a i l u r e o f t e c h n o l o g y h a s t o be a d m i t t e d and a method o f 
d i s p o s a l h a s t o be c h o s e n . I n a c t u a l i t y s u c h m e t h o d s 
u s u a l l y c o n s i s t s o f a c o m b i n a t i o n o f l o n g t e r m s t o r a g e and 
d i s p e r s a l i n t h e e n v i r o n m e n t ( d i l u t i o n ) . 
a . LANDFILLS 
The d i s p o s a l o f h a z a r d o u s and t o x i c w a s t e s by 
l a n d f i l l i n g i s an a c c e p t a b l e d i s p o s a l method i n 
many c o u n t r i e s . A l t h o u g h c o m p l e t e e n v i r o n m e n t a l 
s a f e t y c a n n o t be g u a r a n t e e d by t h i s method o f 
d i s p o s a l , s p e c i f i c a l l y d e s i g n e d h a z a r d o u s w a s t e 
l a n d f i l l s a r e c o n s i d e r e d r e l a t i v e l y s a f e f o r 
d i s p o s a l a t l e a s t f o r a p e r i o d o f 20 - 3 0 y e a r s . 
However , a s i n g l e u n i v e r s a l l y a c c e p t a b l e d e s i g n f o r 
h a z a r d o u s w a s t e l a n d f i l l s c a n n o t be d e v e l o p e d d u e 
t o v a r i a t i o n s i n g e o l o g y , h y d r o g e o l o g y , t o p o g r a p h y , , 
c l i m a t e and p o p u l a t i o n d e n s i t y among t h e v a r i o u s 
c o u n t r i e s . 
The m o s t h a r m f u l e f f e c t o f l a n d f i l l i n g t o x i c w a s t e 
h a s b e e n a c c e p t e d t o be t h e p o l l u t i o n o f w a t e r 
r e s o u r c e s , e s p e c i a l l y g r o u n d w a t e r . " N e v e r t h e l e s s , i n 
i n s t a n c e s w h e r e g r a n d w a t e r and s u r f a c e w a t e r 
c o n t a m i n a t i o n h a s o c c u r e d i t h a s u s u a l l y b e e n ' d u e 
t o poor s i t e s e l e c t i o n o r o p e r a t i o n a l i n a d e q u a c i e s 
r a t h e r t h a n t o any b a s i c u n s u i t a b i l i t y o f l a n d f i l l s 
a s a d i s p o s a l r o u t e . W h i l e l a n d f i l l s c a n b e 
c o n s i d e r e d a d i s p o s a l r o u t e w i t h m i n i m a l 
e n v i r o n m e n t a l i m p a c t , when p r o p e r l y m a n a g e d , i t 
c a n n o t be r e g a r d e d a s s u i t a b l e o f a l l t y p e s o f 
w a s t e . 
A m o d e r n , p r o p e r l y e n g i n e e r e d and managed l a n d f i l l 
s i t e s h o u l d be c l e a r l y d i s t i n g u i s h e d f r o m a n 
u n c o n t r o l l e d o p e n dump. Open dumping o f h a z a r d o u s 
w a s t e i s c l e a r l y an u n a c c e p t a b l e p r a c t i c e . 
U n f o r t u n a t e l y t h i s i s a common p l a c e i n S r i Lanka 
d u e t o t h e l a c k o f e n f o r c i n g power by t h e 
r e g u l a t o r y a u t h o r i t i e s . 
P r i o r t o t h e d e c i s i o n o f u t i l i z i n g l a n d f i l l s a s a 
d i s p o s a l r o u t e t h e r e a r e c e r t a i n c o n s i d e r a t i o n s 
r e l a t i n g t o t h e s i t e and t y p e o f w a s t e t h a t s h o u l d 
be l o o k e d i n t o . 
SITE CONSIDERATIONS 
T h e r e s h o u l d be no d i s p o s a l o f h a z a r d o u s w a s t e s o n a 
p r o p o s e d or e x i s t i n g s i t e u n l e s s an e x t e n s i v e s t u d y i s 
c o n d u c t e d on t h e g e o l o g i c a l and h y d r o g e o l o g i c a l p r o p e r t i e s 
o f t h e s i t e and i t e s u r r o u n d i n g . 
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On a p r o p o s e d s i t e , t h e i n v e s t i g a t i o n w i l l i d e n t i f y any 
g r o u n d w a t e r or s u r f a c e w a t e r a t r i s k o f p o l l u t i o n by 
l e a c h a t e m i g r a t i o n or s u r f a c e r u n o f f from t h e s i t e w h i c h 
w i l l p e r m i t t h e p l a n n i n g and any n e c e s s a r y p r o t e c t i v e 
m e a s u r e s . The h e i g h t o f t h e w a t e r t a b l e and t h e d i r e c t i o n 
and f l o w o f g r o u n d w a t e r s h o u l d be e s t a b l i s h e d t o 
f a c i l i t a t e p r o p e r s i t i n g o f b o r e h o l e s f o r m o n i t o r i n g 
p u r p o s e s . D r a i n a g e from t h e a r e a s u r r o u n d i n g t h e s i t e 
s h o u l d be d i v e r t e d . When s e l e c t i n g a l a n d f i l l s i t e . , 
e x i s t i n g w a t e r c o u r s e s s h o u l d be d i v e r t e d b e f o r e 
l a n d f i l l i n g i s p e r m i t t e d . 
The l a n d f i l l o f h a z a r d o u s w a s t e s h o u l d n o t be p e r m i t t e d o n 
s i t e s i n h y d r a u l i c c o n t i n u i t y w i t h an a q u i f e r t h a t i s o r 
may be u s e d f o r t h e a b s t r a c t i o n o f w a t e r f o r p u b l i c u s e . 
C o n f l i c t i n g o p i n i o n s a r e o f t e n e n c o u n t e r e d i n s e l e c t i n g 
s i t e s f o r u s e a s h a z a r d o u s w a s t e l a n d f i l l s . 
S i t e s t h a t a r e c a p a b l e o f c o n t a i n i n g d e p o s i t e d m a t e r i a l s 
and l e a c h a t e on t h e b a s i s o f g e o l o g y and h y d r o g e o l o g y 
s h o u l d be c o n s i d e r e d s u i t a b l e s i t e s c o n t r i b u t e s t o o n e 
v i e w . 
The o t h e r s c h o o l o f t h o u g h t i s t h a t s u i t a b l e s i t e s s h o u l d 
n o t r e l y on c o n t a i n m e n t but s h o u l d p e r m i t t h e s l o w 
m i g r a t i o n o f l i q u i d s , a l l o w i n g t h e n a t u r a l p r o c e s s o f 
a t t e n u a t i o n and d i s p e r s i o n i n and b e y o n d t h e s i t e t o 
r e d u c e t h e c o n c e n t r a t i o n o f t h e p o l l u t a n t s . 
P r e l i m i n a r y r e s e a r c h r e s u l t s and s i t e e x p e r i e n c e s u g g e s t s • 
t h a t t h e a t t e n u a t i o n p h i l o s o p h y may h a v e s e v e r a l 
e n v i r o n m e n t a l and t e c h n i c a l a d v a n t a g e s , b u t i s s t i l l 
v i e w e d w i t h s u s p i c i o n i n c e r t a i n c o u n t r i e s . 
S i t e s t h a t u s e t h e c o n t a i n m e n t a p p r o a c h h a v e t o p r o v i d e 
f o r c o l l e c t i o n and d i s p o s a l o f t h e l e a c h a t e g e n e r a t e d o n -
s i t e . The l e a c h a t e w o u l d be c o n s i d e r e d h i g h l y h a z a r d o u s 
and t r e a t m e n t i s n e c e s s a r i l y p r i o r t o d i s p o s a l t o t h e 
s e w e r s o r w a t e r w a y s . 
The c o n t a i n m e n t s i t e s h o u l d c o n t a i n an i m p e r v i o u s f i n a l 
c o v e r t o p r e v e n t p e r c o l a t i o n o f r a i n w a t e r t h r o u g h t h e 
s i t e . T h e r e s h o u l d be d i v e r s i o n f o r r a i n w a t e r e n t e r i n g 
t h e w a s t e s i t e t o m i n i m i z e t h e amount o f c o n t a m i n a t e d 
w a t e r . 
Care s h o u l d be t a k e n t o l o c a t e s i m i l a r t y p e s o f w a s t e s i n 
s e l e c t e d c e l l s i n t h e l a n d f i l l t o p r e v e n t c h e m i c a l 
r e a c t i o n s t a k i n g p l a c e w i t h i n t h e s i t e t h a t . cou ld l e a d t o 
e x p l o s i o n s , f i r e s or e v e n more t o x i c c h e m i c a l s b e i n g 
formed by t h e s e r e a c t i o n s . The o p e r a t o r s a t t h e s e , s i t e s 
s h o u l d be e q u i p p e d w i t h t h e p r o p e r p r o t e c t i v e c l o t h i n g and 
o t h e r s a f e t y e q u i p m e n t s u c h a s e m e r g e n c y s h o w e r s , 
i n c l u d i n g an u p t o d a t e f i r s t a i d u n i t . A t e l e p h o n e and 
w a t e r s u p p l y i s e s s e n t i a l . 
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A c c e s s t o t i p p i n g a r e a s s h o u l d be p r o v i d e d f o r t h e 
v e h i c l e s b r i n g i n g i n c o m i n g w a s t e s . 
WASTE CONSIDERATIONS 
A p a r t i c u l a r w a s t e s h o u l d be c h a r a c t e r i z e d i n t e r m s o f 
q u a n t i t y , c h e m i c a l c o n s t i t u t i o n , p h y s i c a l f o r m , 
p o t e n t i a l l y h a z a r d o u s p r o p e r t i e s s u c h a s f l a m m a b i l i t y , 
e x p l o s i v e n e s s , v o l a t i l i t y , c o r r o s i v e n e s s , t o x i c i t y , w a t e r 
s o l u b i l i t y and c h e m i c a l r e a c t i v i t y . P a c k a g i n g m e t h o d s and 
q u a n t i t y may a l s o be i m p o r t a n t s i n c e an e n v i r o n m e n t a l l y 
sound l a n d f i l l d i s p o s a l r o u t e f o r a s i n g l e s m a l l q u a n t i t y 
o f w a s t e m i g h t be i n a p p r o p r i a t e f o r r e g u l a r l a r g e a m o u n t s 
o f t h e same m a t e r i a l . 
G e n e r a l l y l a r g e a m o u n t s o f w a s t e w i t h a h i g h w a t e r 
c o n t e n t , s l u r r i e s and m o b i l e s l u d g e s s h o u l d be t r e a t e d 
p r i o r t o d i s p o s a l . T h i s t y p e o f p r e t r e a t m e n t c o u l d r e s u l t 
i n a d e w a t e r e d s l u d g e and an e f f l u e n t . The s l u d g e c o u l d 
s u b s e q u e n t l y be l a n d f i l l e d w h i l e t h e e f f l u e n t c o u l d b e 
t r e a t e d and d i s p o s e d i n t o s e w e r s o r w a t e r w a y s i f i t i s 
r e n d e r e d non t o x i c . , 
A l a n d f i l l s i t e h a s a f i n i t e a b s o r b t i c c a p a c i t y and s h o u l d 
n o t be e x c e e d e d w i t h e x c e s s a m o u n t s o f l i q u i d s . L i q u i d 
w a s t e s a c c e p t e d f o r l a n d f i l l i n g s h o u l d be d i s c h a r g e d i n t o 
t r e n c h e s , l a g o o n s . P r e f e r a b l y l i q u i d w a s t e s s h o u l d n o t b e 
d i s p o s e d o f i n l a n d f i l l s i t e s w i t h o u t b e i n g p l a c e d i n 
c o n t a i n e r s . The c o n t a i n e r s may a l s o be p r o n e t o l e a k a g e 
a f t e r a t i m e l a p s e a s was t h e c a s e i n s e v e r a l l a n d f i l l 
s i t e s i n t h e w e s t e r n ' w o r l d . As t i p p i n g p r o c e e d s , s l u r r i e s 
and s l u d g e s s h o u l d be s p r e a d a l o n g t h e w o r k i n g f a c e t o be 
c o v e r e d . T h i s w o u l d r e s u l t i n u t i l i z i n g t h e s i t e ' s 
a b s o r b t i v e c a p a c i t y t o t h e maximum w i t h minimum i m p a c t on 
t h e o v e r a l l s t a b i l i t y of, t h e l a n d f i l l . 
As f a r a s p o s s i b l e h i g h l y f l a m m a b l e w a s t e s s u c h a s l o w 
f l a s h p o i n t o r g a n i c s o l v e n t s s h o u l d n o t b e a c c e p t e d f o r 
l a n d f i l l d i s p o s a l . T h e s e w a s t e s c o n s t i t u t e a h i g h r i s k o f 
f i r e h a z a r d . S i m i l a r l y a w a s t e known f o r i t s t e n d e n c y o f 
s p o n t a n e o u s c o m b u s t i o n s h o u l d n o t be a c c e p t e d . 
H i g h l y c o r r o s i v e w a s t e s s u c h a s m i n e r a l a c i d s o r s t r o n g 
a l k a l i ' s c r e a t e s e v e r e h a n d l i n g p r o b l e m s and may a l s o 
r e s u l t i n s o l u b i l i z i n g p r e v i o u s l y d e p o s i t e d w a s t e s s u c h a s 
m e t a l h y d r o x i d e s l u d g e s . However d o m e s t i c w a s t e s and 
i n o r g a n i c c o n s t r u c t i o n and d e m o l i t i o n w a s t e s h a v e b e e n 
shown t o h a v e a b u f f e r i n g e f f e c t on d e p o s i t e d a c i d s . 
S i t e s a r e known t o h a v e d e p o s i t s o f l a r g e q u a n t i t i e s - o f 
a c i d s l a n d f i l l e d w i t h d o m e s t i c w a s t e f o r many y e a r s , y e t 
t h e s i t e l i q u i d s a r e t y p i c a l l y n e u t r a l o r s l i g h t l y 
a l k a l i n e . 
In g e n e r a l , l a r g e q u a n t i t i e s o f w a t e r s o l u b l e h i g h l y t o x i c 
w a s t e s s h o u l d n o t be a c c e p t e d a s l a n d f i l l s i t e s . S u c h 
w a s t e c o u l d be a c c e p t e d i n s m a l l q u a n t i t i e s i f l e a c h a t e 
- 3 5 -
c o l l e c t i o n and t r e a t m e n t f a c i l i t i e s a r e a v a i l a b l e a t t h e 
s i t e o r a t s i t e s w h e r e s a l t w a t e r i n t r u s i o n s h a v e r e n d e r e d 
t h e g r o u n d w a t e r u n u s a b l e a s an i r r i g a t i o n s o u r c e o r f o r 
p u b l i c u s e . Some c o a s t a l s i t e s may f a l l i n t o t h i s 
c a t e g o r y . 
Some w a s t e may be c h e m i c a l l y i n c o m p a t i b l e w i t h o t h e r 
m a t e r i a l s s u c h a s s u l p h i d e s w i t h a c i d s , a r s e n i c w a s t e s 
w i t h a c i d s and c e r t a i n h e a v y m e t a l s . C o m p l e t e s e g r e g a t i o n 
i s e s s e n t i a l i f w a s t e s o f t h i s n a t u r e a r e d e p o s i t e d i n t h e 
l a n d f i l l . However a b e t t e r method i s t o s e g r e g a t e by 
d i s p o s a l a t d i f f e r e n t s i t e s . 
R e a c t i v e and e x p l o s i v e s w a s t e s s u c h a s p e r o x i d e s a z i d e s 
and p e r c h l o r a t e s s h o u l d n o t be l a n d f i l l e d . 
JOINT DISPOSAL OF WASTES BY LANDFILL 
Some c o u n t r i e s a c t i v e l y e n c o u r a g e t h e j o i n t d i s p o s a l o f 
i n d u s t r i a l and t o x i c w a s t e s w i t h m u n i c i p a l r e f u s e . T h i s 
method i s a d v o c a t e d s i n c e s t u d i e s h a v e i n d i c a t e d t h a t i t 
s h o w s s i g n i f i c a n t a d v a n t a g e s i n t e r m s o f w a t e r p r o t e c t i o n 
compared w i t h d i s c r e e t c h e m i c a l w a s t e l a n d f i l l . 
R e s e a r c h r e s u l t s and s i t e e x p e r i e n c e h a v e shown t h a t 
c h e m i c a l and p h y s i o - c h e m i c a l r e a c t i o n s w i t h i n a m u n i c i p a l 
w a s t e l a n d f i l l c a n p r e v e n t and s u b s t a n t i a l l y r e d u c e t h e 
p o t e n t i a l h a z a r d o f t h e d e p o s i t e d w a s t e . 
S t u d i e s a t j o i n t d i s p o s a l s i t e s h a v e shown t h a t m u n i c i p a l 
w a s t e s a b s o r b and r e t a i n s o i l s and o t h e r o r g a n i c 
s u b s t a n c e s s u c h a s h a l o g e n a t e d h y d r o c a r b o n s . 
P h e n o l s a r e r e v e r s i b l y a d s o r b e d and s i g n i f i c a n t l y d e g r a d e d 
under s u i t a b l e c o n d i t i o n s . Heavy m e t a l s a r e n o t 
s o l u b i l i z e d by m u n i c i p a l w a s t e l e a c h a t e d e s p i t e t h e h i g h 
c o n c e n t r a t i o n s o f c a r b o x y l i c a c i d s p r e s e n t i n t h e , 
l e a c h a t e . M u n i c i p a l w a s t e h a s d e m o n s t r a t e d a b u f f e r i n g 
c a p a c i t y w i t h r e s p e c t t o a c i d s . I n v e s t i g a t i o n s h a v e shown 
e v i d e n c e t h a t h e a v y m e t a l s c a n be i m m o b i l i z e d by 
c o n v e r s i o n t o i n s o l u b l e s u l p h i d e s u n d e r a n a e r o b i c 
c o n d i t i o n s i n s i t e s c o n t a i n i n g p u t r e s c i b l e m a t e r i a l s . 
C a r e f u l management s o a s n o t t o e x c e e d t h e a t t e n u a t i o n 
c a p a b i l i t i e s o f t h e m u n i c i p a l w a s t e i s r e q u i r e d when j o i n t 
d i s p o s a l i s u s e d a s a method o f w a s t e m a n a g e m e n t . 
The l i q u i d a b s o r b t i v e c a p a c i t y o f t h e s i t e s h o u l d n o t be 
e x c e e d e d t o p r e v e n t a r e a s o f s t a n d i n g w a t e r , s u r f a c e 
r u n o f f from t h e w a s t e s i t e and s a t u r a t i o n o f t h e ' s o l i d 
w a s t e . The maximum r a t e o f w a s t e d e c o m p o s i t i o n t a k e s p l a c e 
u n d e r a e r o b i c c o n d i t i o n s w h i c h c o u l d be i n h i b i t e d u n d e r 
s a t u r a t i o n c o n d i t i o n s . 
I f t h e a b s o r b t i v e c a p a c i t y o f t h e s o l i d w a s t e i s e x c e e d e d 
l e a c h i n g c o u l d r e s u l t i n c o n t a m i n a t e d g r o u n d w a t e r . 
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The a d s o r p t i v e c a p a c i t y o f a s i t e must be d e t e r m i n e d 
a c c o r d i n g t o l o c a l c o n d i t i o n s , t y p e o f w a s t e , e t c . 
Care must be t a k e n when d i s p o s i n g p h e n o l s i n l a n d f i l l 
s i t e s . Even t h o u g h p h e n o l s h a v e b e e n shown t o d e g r a d e b o t h 
a e r o b i c a l l y and a n a e r o b i c a l l y w i t h i n l a n d f i l l s , i t i s a l s o 
c o n s i d e r e d an e f f e c t i v e b a c t e r i c i d e . S i n c e b a c t e r i a a r e 
t h e mos t e f f e c t i v e m i c r o o r g a n i s m s w i t h i n a l a n d f i l l , 
e x c e s s p h e n o l s may s t e r i l i z e t h e l a n d f i l l . 
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6- CYANIDE TREATMENT 
S i n c e C y a n i d e i s t h e o n l y Super t o x i c c h e m i c a l u s e d i n S r i 
6 . 1 . CYANIDE OXIDATION 
T h i s t r e a t m e n t method i s u s e d f r e q u e n t l y t o d e s t r o y 
c y a n i d e p r e s e n t i n r i n s e w a t e r s . f r o m e l e c t r o p l a t i n g 
p l a n t s . 
The mos t f r e q u e n t l y u s e d p r o c e s s f o r c y a n i d e d e s t r u c t i o n 
i s by c h l o r i n a t i o n s . T h i s p r o c e s s may p a r t i a l l y o x i d i z e 
c y a n i d e t o (CNO~) o r c o m p l e t e l y t o Carbon d i o x i d e and 
N i t r o g e n . 
The d e s t r u c t i o n o f c y a n i d e by c h l o r i n a t i o n i s a c c o m p l i s h e d 
by t h e d i r e c t a d d i t i o n o f s o d i u m h y p o c h l o r i d e t o t h e 
w a s t e . The h y p o c h l o r i d e added o x i d i z e r s t h e c y a n i d e t o 
c y a n a t e . C o m p l e t e and r a p i d o x i d a t i o n o f c y a n i d e t o 
c y a n a t e i s u n d e r a l k a l i n e c o n d i t i o n s a t a pH o f 1 0 o r 
h i g h e r . The o x i d a t i o n p e r i o d i s from 3 0 m i n u t e s t o 2 
h o u r s . The w a s t e w a t e r s h o u l d be a g i t a t e d c o n t i n u o u s l y t o 
a v o i d s o l i d c y a n i d e p r e c i p i t a t e s w h i c h may r e s i s t 
c h l o r i n a t i o n . 
The r e s u l t i n g c y a n a t e i s much l e s s t o x i c t h a n c y a n i d e , b u t 
i t c a n be f u r t h e r o x i d i z e d , t o c a r b o n d i o x i d e and n i t r o g e n 
g a s e s , i f n e c e s s a r y . 
The p r o c e s s o f f u r t h e r o x i d i z i n g c y a n a t e t o Carbon d i o x i d e 
and N i t r o g e n i s c a r r i e d o u t by a d d i t i o n a l c h l o r i n a t i o n o r 
a c i d h y d r o l y s i s , w h i c h c o n v e r t s c y a n a t e t o Carbon d i o x i d e 
and Ammonia. 
The a c i d h y d r o l y s i s p r o c e s s must t a k e p l a c e i n t h e a c i d i c 
pH r a n g e from 2 - 3 . T h i s i s u s u a l l y a c c o m p l i s h e d by t h e 
a d d i t i o n o f s u l p h u r i c a c i d . 
S i n c e t h i s method r e q u i r e s t h e a d d i t i o n o f s u l p h u r i c a c i d 
t o a c h i e v e t h e r e q u i r e d pH, s u b s e q u e n t n e u t r a l i z a t i o n o f 
t h e a c i d i c w a s t e w a t e r i s r e q u i r e d p r i o r t o d i s c h a r g i n g t h e 
e f f l u e n t . 
H o w e v e r , t h e s e s t a g e s o f pH a d j u s t m e n t i n c r e a s e t h e 
t r e a t m e n t c o s t s a s w e l l a s t h e t o t a l d i s s o l v e d s o l i d s i n 
t h e w a s t e w a t e r . 
The c y a n a t e w i l l be d e s t r o y e d by a c i d h y d r o l y s i s w i t h i n 
a b o u t 5 m i n u t e s o f c o n t a c t t i m e . 
C o m p l e t e c y a n a t e o x i d a t i o n t o Carbon d i o x i d e and N i t r o g e n 
c a n be a c c o m p l i s h e d t h r o u g h c h l o r i n a t i o n i f c l o s e pH 
c o n t r o l i s m a i n t a i n e d . The c o m p l e t e o x i d a t i o n o f c y a n a t e 
t o Carbon d i o x i d e and N i t r o g e n i s a c c o m p l i s h e d a f t e r 
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s e v e r a l h o u r s o f c o n t a c t t i m e and c h l o r i n a t i o n a t a pH o f 
10 + . 
P r e c a u t i o n s must be t a k e n n o t t o a l l o w t h e pH t o d r o p o r 
t h e t e m p e r a t u r e t o be l o w e r t h a n 2 0 d e g r e e s C, i n o r d e r t o 
a v o i d t h e l i b e r a t i o n o f t h e h i g h l y t o x i c c y a n o g e n c h l o r i d e 
g a s . 
A p r o b l e m t h a t i s e n c o u n t e r e d i n t h i s p r o c e s s o c c u r s i f 
s o l u b l e i r o n i s p r e s e n t w i t h t h e c y a n i d e . C y a n i d e i n t h e 
p r e s e n c e o f i r o n i s l i a b l e t o form e x t r e m e l y s t a b l e 
f e r r o c y a n i d e c o m p l e x e s w h i c h i n t u r n p r e v e n t t h e c y a n i d e 
b e i n g o x i d i z e d . 
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RECOMMENDATIONS AND CONLUSIONS 
T h i s s t u d y h a s c o n c l u d e d t h a t t h e r e a r e a p p r o x i m a t e l y 4 0 0 
i n d u s t r i a l c h e m i c a l s b e i n g u s e d i n S r i Lanka . A l m o s t a 
t h i r d o f t h e s e c h e m i c a l s a r e b e i n g i m p o r t e d u n d e r t r a d e 
n a m e s , w h e r e mos t i n d u s t r i a l i s t s seem i g n o r a n t o f i t s 
c h e m i c a l c o m p o s i t i o n . I t i s recommended t h a t i t be made 
m a n d a t o r y t h a t t h e i n d u s t r i a l i s t know t h e c h e m i c a l 
c o m p o s i t i o n o f t h e p r o d u c t s i m p o r t e d and u s e d u n d e r t r a d e 
name. T h i s c o u l d be a c c o m p l i s h e d by t h e i m p o r t e r 
r e q u e s t i n g t h e s u p p l i e r o f t h e c h e m i c a l t o d i s p l a y t h e 
c h e m i c a l c o m p o n e n t s on t h e l a b e l o f h i s p r o d u c t . 
I n d u s t r i e s s h o u l d be r e q u i r e d t o s e p a r a t e t h e w a s t e s t r e a m 
i n t o t o x i c and non t o x i c , s o a s t o m i n i m i z e t h e amount o f 
c o n t a m i n a t e d e f f l u e n t . T h i s e f f l u e n t s h o u l d be s u b j e c t e d 
t o some form o f t r e a t m e n t p r i o r t o d i s c h a r g e i n t o t h e 
e n v i r o n m e n t . C o n c e n t r a t e d t o x i c w a s t e t h a t c a n n o t be 
t r e a t e d s h o u l d be d i s p o s e d o f i n an e n v i r o n m e n t a l l y 
a c c e p t a b l e manner s u c h a s i n a l a n d f i l l . I n d u s t r i a l i s t s 
s h o u l d be e n c o u r a g e d t o s e e k t r e a t m e n t m e t h o d s f o r t h e i r 
w a s t e i f n o t t h r o u g h t h e i r o r g a n i z a t i o n s , t h r o u g h r e s e a r c h 
e s t a b l i s h m e n t s . E n c o u r a g e m e n t f o r d e v e l o p i n g s o l u t i o n s t o 
t h e i r w a s t e management p r o b l e m s s h o u l d be g i v e n i n t h e 
form o f t a x c o n c e s s i o n s t o i n d u s t r i e s f u n d i n g r e s e a r c h t o 
s e e k s o l u t i o n s t o t h e i r w a s t e management p r o b l e m s a s i s 
b e i n g p r a c t i c e d i n c o u n t r i e s l i k e t h e U n i t e d S t a t e s . The 
d i r e c t i m p o r t a t i o n o f w e s t e r n t e c h n o l o g y t o s o l v e w a s t e 
management p r o b l e m s i n S r i Lanka may n o t o n l y be 
e c o n o m i c a l l y u n f e a s i b l e but c o u l d a l s o be i n a p p r o p r i a t e a s 
t r e a t m e n t t e c h n o l o g y . The d e v e l o p m e n t o f a p p r o p r i a t e 
t e c h n o l o g y b a s e d on s u c c e s s f u l w e s t e r n m e t h o d s s h o u l d b e 
e n c o u r a g e d i n S r i L a n k a . 
The C e n t r a l E n v i r o n m e n t a l A u t h o r i t y L a b o r a t o r y s h o u l d be 
s u p p l i e d w i t h a GC/MS or o t h e r a p p r o p r i a t e a n a l y t i c a l 
s y s t e m t o be a b l e t o m o n i t o r d i s c h a r g e s o f t o x i c c h e m i c a l s 
i n t o t h e e n v i r o n m e n t . 
The i n d u s t r i a l i s t s s h o u l d be e d u c a t e d a b o u t t h e h a z a r d o u s 
c o n d i t i o n s c r e a t e d by t h e i r h a p h a z a r d d i s p o s a l o f t o x i c 
w a s t e s i n t o t h e e n i v i r o n m e n t . I t s h o u l d b e e m p h a s i z e d t h a t 
t h e y a r e c r e a t i n g a h e a l t h r i s k n o t o n l y t o t h e 
s u r r o u n d i n g e n v i r o n m e n t b u t t o t h e m s e l v e s a s w e l l s i n c e 
m o s t t o x i c c h e m i c a l s a r e known o r s u s p e c t e d c a r c i n o g e n s . 
C i t i z e n s s h o u l d be made a w a r e o f t h e p o t e n t i a l h e a l t h 
r i s k s c r e a t e d by t h e h a p h a z a r d d i s p o s a l o f t o x i c w a s t e s by 
i n d u s t r i e s i n t h e a r e a . W e l l o r g a n i z e d c i t i z e n " w a t c h d o g " 
g r o u p s h a v e p r o v e d t o be more e f f e c t i v e t h a n l e g i s l a t i o n 
i n m o s t d e v e l o p e d c o u n t r i e s . 
S r i Lanka i s r e l a t i v e l y f o r t u n a t e i n h a v i n g o n l y 1 
c h e m i c a l t h a t c a n be c l a s s i f i e d a s s u p e r t o x i c , 6 
c h e m i c a l s c l a s s i f i e d a s e x t r e m e l y t o x i c and a b o u t 4 5 
c h e m i c a l s c l a s s i f i e d a s v e r y t o x i c . H o w e v e r , i t i s a l w a y s 
b e t t e r t o t a k e t h e n e c e s s a r y p r e c a u t i o n s t o p r e v e n t t h e 
t o x i c w a s t e p r o b l e m g e t t i n g o u t o f hand t h a n t o a t t e m p t t o 
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remedy t h e s i t u a t i o n t h e r e a f t e r . I t i s a l s o recommended 
t h a t some form of p e r m i t be r e q u i r e d t o i m p o r t and u s e 
c h e m i c a l s e s p e c i a l l y i n t h e c a t e g o r i e s g i v e n a b o v e , s o 
t h a t t h e a u t h o r i t i e s h a v e a k n o w l e d g e o f t h e p o t e n t i a l 
p o l l u t e r s s o t h a t t h e y c o u l d be m o n i t o r e d more f r e q u e n t l y 
t o e n s u r e p r o p e r t r e a t m e n t and d i s p o s a l p r a c t i c e s a r e 
b e i n g f o l l o w e d . I t i s a l s o n e c e s s a r y t o e n s u r e t h e 
p r o t e c t i o n o f g r o u n d w a t e r s u p p l i e s from c o n t a m i n a t i o n from 
h a z a r d o u s and t o x i c w a s t e s a s t h e e x p e n s e i n v o l v e d i n 
g r o u n d w a t e r t r e a t m e n t t r e a t m e n t c o u l d be p r o h i b i t i v e f o r 
S r i L a n k a . P r o t e c t i o n o f g r o u n d w a t e r s u p p l i e s from t o x i c 
a g r i c u l t u r a l c h e m i c a l s i s e s s e n t i a l s i n c e m o s t o f r u r a l 
S r i Lanka u s e s g r o u n d w a t e r a s i t s s o u r c e o f d r i n k i n g 
w a t e r . 
/ 
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APPENDIX I 
CHEMICALS USED IN SRI LANKA 
1 . ACETALS 
2 . ACETIC ACID 
3 ACETONE 
4 . •ACRYLIC ACID 
5 . ACRYLONITRILE' 
6 . ACITICIDE THP 
7 . ALDEHYDES - ' 
8 . ALDEHYDE ALCOHOL 
9 . ALUMINIUM 
1 0 . ALUMINIUM OXIDE 
1 1 . ALUMINIUM SILICATE 
1 2 . AMINO FUNCTION COMPOUNDS 
1 3 . AMMONIA 
1 4 . AMMONIUM CHLORIDE 
1 5 . AMMONIUM HYDROXIDE 
1 6 . AMMONIUM NITRATE 
1 7 . AMMONIUM PERSULPHATE 
1 8 . AMMONIUM SULPHATE 
1 9 . AMMONIUM SULPHONITRATE 
2 0 . ANTIMONY 
2 1 . ARGON i 
2 2 . AROMATIC MONOAMINE 
2 3 . ARSENIC 
2 4 . ARSENIC SULPHIDE 
2 5 . AZIDES 
2 6 . AZOXY COMPOUNDS 
2 7 . BARIUM CARBONATE 
2 8 . BARIUM OXIDE 
2 9 . BARIUM PEROXIDE 
3 0 . BARIUM SULPHATE 
3 1 . BENZENE 
3 2 . BENZENE- SULPHONITE HYDROXIDE 
3 3 . BENZONIC ACID 
3 4 . BENZOLINE 
3 5 . BENZOTHIOCYL-2-TERTIARY BUTYL SULPHANOAMIDE 
3 6 . BICHROMATE COMPOUNDS 
3 7 . BLEACHING POWDER 
3 8 . BORATES 
3 9 . BORAX 
4 0 . BORIC ACID 
4 1 . BORIDES 
4 2 . BORIC OXIDE 
4 3 . BORON 
4 4 . BROMATES 
4 5 . BROMINE 
4 6 . BUTADIENES 
4 7 . BUTYL ACRYLATE 
4 8 . BUTYL ALCOHOL 
4 9 . BUTYL DI GLYCOL ACETATE 
5 0 . BUTYLENES 
5 1 . BUTYL GLYCOL 
5 2 . CALCIUM CARBIDE 
5 3 . CALCIUM CARBONATE 
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5 4 . CALCIUM OXIDE 
5 5 . CARBONATES 
5 6 . CARBON BLACK 
5 7 . CAUSTIC SODA 
5 8 . CARBON TETRA CHLORIDE 
5 9 . CHLORINATED LIME 
6 0 . CHLORINE 
6 1 . CHLORATES 
6 2 . CHLORIDES 
6 3 . CHLORAHEXAMONE 
6 4 . CHROMIUM HYDROXIDE 
6 5 ; CHROMIUM OXIDE 
6 6 . CHROMIUM SULPHATE 
6 7 . CHROMATES 
6 8 . CHLOROFORM 
6 9 . CHLOROSULPHURIC ACID 
7 0 . COAL DUST 
71. . COBALT HYDROXIDE 
7 2 . COBALT OXIDE 
7 3 . ' CORUNDUM 
7 4 . CYANATES 
7 5 . CYANIDE 
7 6 . CRESOLS 
7 7 . CYCLOHEXANE 
7 8 . N-CYCLOHEXYL PTHALAMIDE 
7 9 . DI ACETONE ALCOHOL 
8 0 . DI AMMONIUM PHOSPATE 
8 1 . DI AZO COMPOUNDS 
8 2 . DI BENZO THIOCYL DISULPHIDE 
8 3 . DI BUTYL PTYALATE 
8 4 . DI CHLOROPHENOLS 
8 5 . DI ETHYLENE GLYCOLS 
8 6 . DI' OCTYL ORTHOPTHALATES 
87 V DP ODYL PTHALATES 
8 8 . DI OXYOL 
8 9 . DI PENTENE 
9 0 . DI PHENYL CHLOROAMINE 
9 1 . DITHIONITES 
9 2 . ETHYL ACETATE 
9 3 . ETHYL BENZENE 
9 4 . ETHYL GLYCOL 
9 5 . ETHYL HEXYL.ACRYLATE 
9 6 . FAT LIQUORS 
9 7 . FERRIC HYDROXIDE 
9 8 . FERRIC OXIDE 
9 9 . FERROUS HYDROXIDE 
1 0 0 . FERROUS OXIDE 
1 0 1 . FLUORINES 
1 0 2 . FORMALINE 
1 0 3 . FORMIC ACID 
1 0 4 . FULMINATES 
1 0 5 . GREASE 
1 0 6 . HALIDES 
1 0 7 . HEXANE 
1 0 8 . HEXA METHLYENE TETRA AMINE 
1 0 9 . HYDROCHLORIC ACID 
1 1 0 . HYDROGEN 
1 1 1 . HYDROGEN PEROXIDE 
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1 1 2 . HYDRIDES 
1 1 3 . HYDRO QUINONE 
1 1 4 . HYDRO FLUORIC ACID 
1 1 5 . HYDRO OXY CHLORIDES 
1 1 6 . HYDRO OXYL AMONE 
1 1 7 . HYPOCHLORITES 
1 1 8 . HYPOPHOSPHITES 
1 1 9 . IODINE 
1 2 0 . ISO CYANATE 
1 2 1 . ISO PROPYL ALCOHOL 
1 2 2 . ISO PROPYL ETHER 
1 2 3 . N - ISO PROPYL-N-PHENYL-PARA PHENYLENE DIAMINE 
1 2 4 . ITOCONIC ACID 
1 2 5 . KEROSENE 
1 2 6 . LEAD 
1 2 7 . LEAD OXIDES 
1 2 8 . MAGNESIUM CARBONATE 
1 2 9 . MAGNESIUM CHLORIDE 
1 3 0 . MAGNESIUM OXIDE 
1 3 1 . MAGNESIUM PEROXIDE 
1 3 2 . MALEIC ANHYDRIDE 
1 3 3 . MANGANESE 
1 3 4 . MANGANESE OXIDE 
1 3 5 . MEGAPHEN 
1 3 6 . MERCAPTA BENZO THIOSOL 
1 3 7 . MERCURY 
1 3 8 . METHACRYLIC ACID 
1 3 9 . METHANOL 
1 4 0 . METHYL BUTADIENE . 
1 4 1 . METHYLENE CHLORIDE • 
1 4 2 . METHYL DIPHENYL ISO CYANITE • . . . 
1 4 3 . METHYL ISO BUTYL KETONE \ 
1 4 4 . METHYL ETHYL KETONE 
1 4 5 . METHYLENE BIS ( 4 METHYL 6 TERTIARY BUTYL) PHENOL 
1 4 6 . METHYL METHACRYLATE 
1 4 7 . MOLYBDENUM 
1 4 8 . MONO CARBOXYLIC ACID 
1 4 9 . MONO PROPYLENE GLYCOL ' V 
1 5 0 . NAPTHOL • . •• 
1 5 1 . NEON 
1 5 2 . NIOBIUM 
1 5 3 . NITRIC ACID 
1 5 4 . NITRIDES 
1 5 5 . NITRO CELLULOSE 
1 5 6 . NITROGEN 
1 5 7 . N - METHYLOL ACRYLAMIDE 
1 5 8 . OCTYL ALCOHOL 
1 5 9 . OXALIC ACID 
1 6 0 . OXYCHLORIDES , 
1 6 1 . OXYHALIDES 
1 6 2 . OXYGEN 
1 6 3 . PARAFIN OIL 
1 6 4 . PARAFORMALDEHYDE 
1 6 5 . PENTA CHLORO PHENOL 
1 6 6 . PENTA CHLORO THIOPHENOL 
1 6 7 . PENTA ERITHRITHOL 
1 6 8 . PERBORATES 
1 6 9 . PERBROMATES 
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1 7 0 . PERCHLORATES 
1 7 1 . PERCARBONATES 
1 7 2 . PERMANGANATES 
1 7 3 . PERSULPHATES 
1 7 4 . PHENOL 
1 7 5 . PHENOL ALCOHOL 
1 7 6 . PHOSPHERIC ESTER 
1 7 7 . PHOSPHATE 
1 7 8 . PHOSPHITE 
1 7 9 . PHOSPHORIC ACID 
1 8 0 . PHOSPHOROUS 
1 8 1 . PHOSPHOROUS PENTOXIDE 
1 8 2 . PHOSPHOROUS TRI SULPHIDE 
1 8 3 . POLY AMIDES 
1 8 4 . POLY BUTADIENES 
1 8 5 . POLY CHLOROBUTADIENE 
1 8 6 . POLY CARBOXYLIC ACID 
1 8 7 . POLY ETHYLENE 
1 8 8 . POLY EURATHENE 
1 8 9 . POLYOL 
1 9 0 . POLY PROPYLENE 
1 8 1 . POLY SULPHIDES 
1 9 2 . POLY STYRENE 
1 9 3 . POLY VINYL ACETATE 
1 9 4 . POLY VINYL ALCOHOL 
1 9 5 . POLY VINYL BUTARENE 
1 9 6 . POLY VINYL CHLORIDE 
1 9 7 . POTASIUM CHLORIDE 
1 9 8 . POTASIUM CHROMATE 
1 9 9 . POTASIUM CYANIDE 
2 0 0 . POTASIUM DICHROMATE 
2 0 1 . POTASIUM HYDROXIDE 
2 0 2 . POTASIUM /PERSULPHATE 
2 0 3 . POTASIUM SILICATE 
2 0 4 . POTASIUM SULPHATE . 
2 0 5 . PROPYLENE' 
2 0 6 . PROPYL ALCOHOL 
2 0 7 . PROPYLENE GLYCOL 
2 0 8 . PTHALIC ANHYDRIDE , 
2 0 9 . PYROCRETE 
2 1 0 . SELINIUM 
2 1 1 . SILICA 
2 1 2 . SILICIDES 
2 1 3 . SILICONE 
2 1 4 . SODA ASH 
2 1 5 . SODIUM ACETATE 
2 1 6 . ' SODIUM BISULPHITE 
2 1 7 . SODIUM BENZOATE 
2 1 8 . SODIUM BICARBONATE 
2 1 9 . SODIUM CARBONATE -
2 2 0 . SODIUM CHLORIDE 
2 2 1 . SODIUM FORMATE 
2 2 2 . SODIUM FORMALDEHYDE SULFOXYLATE 
2 2 3 . SODIUM HYDROSULPHIDE 
2 2 4 . SODIUM HYDROXIDE 
2 2 5 . SODIUM NITRATE 
2 2 6 . SODIUM NITROPOSSIDE 
2 2 7 . SODIUM HYDROGEN SULPHATE 
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2 2 8 . SODIUM LAUSAL SULPHATE 
2 2 9 . SODIUM NITRITE 
2 3 0 . SODIUM SILICATE 
2 3 1 . SODIUM SULPHATE 
2 3 2 . SODIUM SULPHIBRATES 
2 3 3 . SODIUM SILICO FLUORIDES 
2 3 4 . SODIUM PENTACHLORO PHENATE 
2 3 5 . SODIUM PYROSULPHITE 
2 3 6 . SODIUM VINYL SULPHONATE 
2 3 7 . STEARIC ACID 
2 3 8 . STRONTIUM OXIDE 
2 3 9 . STRONTIUM PEROXIDE 
2 4 0 . SULPHITES 
2 4 1 . SULPHIDES 
2 4 2 . STYRENES 
2 4 3 . SULPHOXYLATES 
2 4 4 . SULPHANOAMIDES 
2 4 5 . SULPHONITRIC ACID 
2 4 6 . SULPHUR 
2 4 7 . SULPHURIC ACID 
2 4 8 . TANTALUM 
2 4 9 . T BUTYL PER BENZOATE 
2 5 0 . TELURIUM 
2 5 1 . TEREPHALIC ACID 
2 5 2 . TETRA CHLORO ETHYLENE 
2 5 3 . TETRA METHYL TIARIN DI SULPHIDE , 
2 5 4 . TETRA METHYL TIARIN MONO SULPHIDE 
2 5 5 . THIOCYANATES 
2 5 6 . THIOSULPHITES 
2 5 7 . THORIUM 
2 5 8 . TIN 
2 5 9 . TITANIUM DIOXIDE 
2 6 0 . TITANIUM OXIDE 
2 6 1 . TRI CHLORO ETHYLENE 
2 6 2 . TRI CHLORO ISO CYNURIC ACID 
2 6 3 . 2 , 2 , 4 TRIMETHYL 1 , 2 , DI HYDRO QUINOLINE 
2 6 4 . TRI METHYL PROPENE 
2 6 5 . TOLUENE 
2 6 6 . TOLUENE DI ISOCYANATA 
2 6 7 . TOLYL MERCAPTAN 
2 6 8 . TUNGSTEN 
2 6 9 . URANIUM 
2 7 0 . VANADIUM 
2 7 1 . VINYL ACETATE MONOMER 
2 7 2 . VINYL CHLORIDE 
2 7 3 . VINYL VERASTATATE 
2 7 4 . XYLENES 
2 7 5 . XYLOL MERCAPTAN 
2 7 6 . ZINC 
2 7 7 . ZINC DIBUTYL DIETHYL CARBONATE 
2 7 8 . ZINC OXIDE 
2 7 9 . ZINC - N-DIETHYL DITHIO CARBONATE 
2 8 0 . ZINC PEROXIDE 
2 8 1 . ZINC STEARATE 
2 8 0 . ZIRCONIUM 
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APPENDIX 2 
CHEMICALS USED UNDER TRADE NAME 
1 . ACRYSOL 6 4 4 P a i n t / I n k 
2 . ACRAFIX M T e x t i l e 
3 . AEROSOL OT S u r f a c t a n t for 
4 . ADC B l o w i n g A g e n t , 
R u b b e r / P l a s t i c s 
5 . AK 20.PARKSIL KS 207 R u b b e r / L e a t h e r 
6 . ALBEGAL FFD T e x t i l e 
7 . ALCON LIQUID P a i n t s / I n k 
8 . ALCOPRINT PTF T e x t i l e 
9 . AMMOLAN LP R u b b e r / L e a t h e r 
1 0 . ANTIMUSOL MP T e x t i l e 
1 1 . ASAPRENE 1205 R u b b e r / L e a t h e r 
1 2 . ARCOLINE N 45 T e x t i l e 
1 3 . ARDROX DEVELOPER 9 D6 AIR LANKA 
1 4 . ARDROX SOLVENT CLEANER 6 0 7 - AIR LANKA 
1 5 . ARDROX LONGTERM CORROSION 
PREVENTIVE AIR LANKA 
1 6 . ARDROX SOLVENT CLEANER 551 - AIR LANKA 
1 7 . ARDROX DRY CLEANER 5 5 5 AIR LANKA 
1 8 . ARDROX SOLVENT CLEANER 
6 1 0 C - AIR LANKA 
1 9 . ARDROX SOLVENT.CLEANER 6 0 7 - AIR LANKA 
2 0 . ARDROX TURBO CLEANER FLUID 
6 2 4 AIR LANKA 
2 1 . ARDROX CARBON REMOVER 6 3 1 - AIR LANKA 
2 2 . ARDROX CARBON REMOVER 6 6 7 - AIR LANKA 
2 3 . ARDROX CARBON REMOVER 6 9 0 - AIR LANKA 
2 4 . ARDROX DYE PENETRANT 
REMOVER 9 9 6 P AIR LANKA 
2 5 . ARDROX PAINT REMOVER 
SPRAYING 2 1 0 6 AIR LANKA 
2 6 . ARDROX PAINT REMOVER 
BRUSHING 2 5 2 6 AIR LANKA 
2 7 . ARDROX HEAVY DUTY CORROSION PREVENTIVE 3302 
2 8 . ARDROX CORROSION 
PROTECTION 3961 AIR LANKA 
2 9 . ARDROX CORROSION 
PROTECTION 3 9 6 2 AIR LANKA 
3 0 . ARDROX PENETRANT REMOVER SOLVENT 9PR 5 5 1 
3 1 . ARDROX GENERAL PURPOSE EXTERIOR CLEANER 6025 
3 2 . ARDROX EXTERIOR CLEANER 
3 3 . 
6 4 0 4 AIR LANKA 
ARDROX EXTERIOR CLEANER 
3 4 . 
6 5 0 5 AIR LANKA 
ARDROX PAINT & CARBON REMOVER 6 6 7 - AIR LANKA 
3 5 . AVIVAN SPL T e x t i l e s 
3 6 . BARIUM STABILIZERS R u b b e r / P l a s t i c s 
3 7 . BAYSTAL KA 8 2 6 8 R u b b e r / L e a t h e r 
3 8 . BELSOFT 2 0 0 T e x t i l e s 
3 9 . BIOBAN CS 1135 P a i n t / I n k 
4 0 . BUSAN 4 0 KN 50 R u b b e r / L e a t h e r 
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4 1 . BUSPERSE 2 3 2 
-
R u b b e r / L e a t h e r ] 9 7 . NOPCO N.D.W Defoamer 
4 2 . BLEACHING POWDER 
-
Most I n d u s t r i e s 1 
9 8 . ORGANIC RUBBER PIGMENTS - P l a s t i c s / R u b b e r 
4 3 . CALATAC VB 
-
T e x t i l e | 9 9 . PERRUSTOL CEK 100% - T e x t i l e 
4 4 . CARNE OIL - Heavy M e t a l •] 1 0 0 . PERRUSTOL CEK 200% - T e x t i l e 
4 5 . CERANINE HCL 
-
T e x t i l e 1 0 1 . PINE OIL - T e x t i l e 
4 6 . CHINA CLAY 
-
R u b b e r / P l a s t i c s 1 0 2 . PERLAN KROL D56 - S u r f a c t a n t 
4 7 . COLOUR CHEM BINDER FLKN 
-
T e x t i l e 1 0 3 . PERTALON L - T e x t i l e 
4 8 . COLOUR CHEM BINDER SOLN 
-
T e x t i l e 1 0 4 . PUMIC STONES - T e x t i l e 
4 9 . COLOURANTS 
-
R u b b e r / P l a s t i c s 1 0 5 . RAPIDASE L 4 0 - T e x t i l e 
5 0 . COLOUR PIGMENTS 
-
R u b b e r / P l a s t i c s 1 0 6 . RUMOFILL PAA - T e x t i l e 
5 1 . CURLOSE 
-
Heavy M e t a l s 1 0 7 . RYUDYE FINETEX 234 M - T e x t i l e 
5 2 . CADMIUM STABILIZER 
-
R u b b e r / P l a s t i c s 1 0 8 . SANDOPERM FES - T e x t i l e 
5 3 . CELLOSIZE WP 09L 
-
Heavy M e t a l s 1 0 9 . SANDOZIN NIT - T e x t i l e 
5 4 . CELLOSIZE QP 3 0 0 
-
Heavy M e t a l s 1 1 0 . SAPAMINE CAHC - T e x t i l e 
5 5 . CURING AGENT - 2 2 7 5 - 723 
-
( P a i n t ) 1 1 1 . SILVERTOL FL - T e x t i l e 
5 6 . CARLESS SBP 
-
P a i n t s / I n k 1 1 2 . SIOTEX FR - T e x t i l e 
5 7 . CORIAL BINDER 
-
R u b b e r / L e a t h e r 1 1 3 . SODA ASH - T e x t i l e 
5 8 . CELLULAR D 
-
R u b b e r / L e a t h e r 1 1 4 . SOFTNERS - NON IONIC - T e x t i l e 
5 9 . COSMOTHENE AS 9 
-
R u b b e r / L e a t h e r - STARCH - T e x t i l e 
6 0 . CELLUCON ACP 2 
-
R u b b e r / L e a t h e r - WAX TYPE - T e x t i l e 
6 1 . DENKAPOVAL B - 20 F 
-
P l a s t i c s / I n d u s t r i e s 1 1 5 . STABITON FRG - T e x t i l e 
6 2 . DESMOCALL 5 3 0 
-
R u b b e r / L e a t h e r 1 1 6 . TINOCLARITE G - T e x t i l e 
6 3 . DM4 SOLN 
-
T e x t i l e s 1 1 7 . TINOFIX ECO EXTRA - T e x t i l e 
6 4 . DNPT BLOWING AGENT 
-
Rubber 1 1 8 . TINOFIX WS - T e x t i l e / 
6 5 . DURAFILL 
-
T e x t i l e s 1 1 9 . TINOVATIN JU - T e x t i l e 
6 6 . DURANIT 
-
R u b b e r / L e a t h e r 1 2 0 . TINOVATIN JU HC - T e x t i l e 
6 7 . DURANT 15 
-
Rubber 1 2 1 . UCAR BINDER 5 8 0 8 - T e x t i l e 
6 8 . EMPILIAN - SURFACTANT 
-
P l a s t i c s 1 2 2 . UNIVADINE DPL - T e x t i l e 
6 9 . EMULSIFIER W • - T e x t i l e s 1 2 3 . UREA - T e x t i l e 
7 0 . ERKANTOL AS 
-
T e x t i l e s 1 2 4 . UVITEX CID - T e x t i l e 
7 1 . ERKANTOL WH 
-
T e x t i l e s 1 2 5 . UVITEX EBF' , - T e x t i l e 
7 2 . FLORANIT 4 0 2 8 
-
T e x t i l e s 1 2 6 . VANISPERSE - Heavy M e t a l 
7 3 . GOSHENOL GL05 
-
P l a s t i c s 
7 4 . GOSHENOL GM 14 
-
P l a s t i c s 
7 5 . HAKKOL GIB 
-
T e x t i l e s 
7 6 . HATATHREM K 
-
T e x t i l e s 
7 7 . INVADINE LU 
-
T e x t i l e s 1 
7 8 . INVALON HTB 
-
T e x t i l e s 
7 9 . IRGALON ST 
-
T e x t i l e s 
8 0 . IRGASOL CO 
-
T e x t i l e s ] 
8 1 . IVODUR 
-
R u b b e r / L e a t h e r 
8 2 . KALTHON CV 
-
R u b b e r / L e a t h e r 
8 3 . KIERLON B 
-
T e x t i l e s 
8 4 . KIWOTEX 33A 
-
T e x t i l e s 
8 5 . LEONIL GAE 
-
T e x t i l e 
8 6 . LE VELAN P 2 0 8 
-
SURFACTANT ( P l a s t i c s ) 
8 7 . LAVAROL 1 5 0 
-
T e x t i l e 
8 8 . L • S • A • 
-
Heavy M e t a l I n d u s t r y 
8 9 . LIGHT/DARK RUBBER PROCESS 
OIL Rubber J 
9 0 . MOTHA BONDING CEMENT _ Rubber J 
9 1 . MBT 
-
Rubber A c c e l a r a t o r 1 9 2 . MASTER ALLOY 
-
Heavy M e t a l 
9 3 . MBTS 
-
Heavy M e t a l 
9 4 . MANUTEX - RSL 
-
T e x t i l e 
9 5 . MAYPROGUM - R600 
-
T e x t i l e 
9 6 . NATROSOL 2 5 0 L 
-
C o l l o i d 
1 
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APPENDIX 3 
TOXICITY RATING CHART 




1 . PRACTICALLY GREATER THAN 
NON TOXIC 15 g r / k g 
MORE THAN A 
QUART 
2 . SLIGHTLY 
TOXIC 
5 - 1 5 g r / k g BETWEEN A PINT 
AND A QUART -
3 . MODERATELY 
TOXIC 
0 . 5 - 5 g r / k g BETWEEN AN OUNCE 
AND A PINT 
4 . VERY TOXIC 50 - 5 0 0 mg/kg BETWEEN A TEASPOON 
AND AN OUNCE 
5 . EXTREMELY 
TOXIC 
5 - 5 0 m g / k g BETWEEN 7,DROPS 
AND A TEA SPOON 
6 . SUPER 
TOXIC 
LESS THAN 5 m g / k g A TASTE, LESS THAN 
7 DROPS 
THE CALCULATED DOSE THAT CAUSED DEATH OF' 50% OF 
TEST POPULATION 
THE CALCULATED CONCENTRATION OF A SUBSTANCE IN 
AIR, EXPOSURE TO WHICH CAUSED THE DEATH OF 50% OF 
THE TEST POPULATION IN A SPECIFIED TIME 
THE LOWEST CONCENTRATION OF A SUBSTANCE IN AIR 
THAT HAS PRODUCED ANY TOXIC EFFECT ON THE TEST 
POPULATION FOR ANY GIVEN PERIOD OF TIME 
THE LOWEST CONCENTRATION OF A SUBSTANCE IN AIR FOR 
A SPECIFIED PERIOD OF TIME THAT HAS PRODUCED DEATH 
IN THE TEST POPULATION 
THE LOWEST DOSE OF A SUBSTANCE REPORTED TO HAVE 
PRODUCED ANY TOXIC EFFECT IN A TEST POPULATION 
THE LOWEST DOSE THAT CAUSED DEATH IN A TEST 
POPULATION 
( 
- 5 1 -
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1 . PRACTICALLY NON TOXTC 
DOSE 
CHEMICAL 








LC50 9 5 0 , 0 0 0 m g / k g 
LD50 6 5 , 0 0 0 m g / k g 
LD50 2 9 , 8 2 0 m g / k g 
LD50 2 5 , 5 0 0 m g / k g 
LDLO 2 0 , 0 0 0 m g / k g 
LD50 2 0 , 0 0 0 m g / k g 
SLIGHTLY TOXIC 
DOSE 5 0 0 0 - 1 5 0 0 0 mg/kg 
CHEMICAL DOSE 
PENTACHLORO THIOPHENOL LD50 
ETHYL ACETATE LD50 
ACETONE LD50 
TETRACHLORO ETHYLENE LD50 
EHYL GLYCOL LD50 
METHYL METHACRYLATE LDLO 
ZINC OXIDE TDLO 
BUTYL ALCOHOL LD50 
MOLYBDENUM TDLO 
SODIUM SULPHATE LD50 
ISOPROPYL ALCOHOL LD50 
BUTADIENES LD50 
1 2 , 0 0 0 
1 1 , 0 0 0 
9 , 7 5 0 
8 , 8 5 0 
8 , 5 4 0 
8 , 0 0 0 
6 , 8 4 6 
6 , 4 8 0 
6 , 0 5 0 
5 , 9 8 9 
5 , 8 4 0 
5 , 4 8 0 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
mg/kg 
mg/kg 
3 . MODERATELY TOXIC 

















DIBENZO THIOCYL DISULPHIDE 
DICHLORO PHENOL 
DI ETHYLENE GLYCOL 
ETHYL BENZENE 
ETHYLENE THIOUREA -
2 MERCAPTO AMIDACILINE 
FORMALINE 










MERCAPTO BENZO THIOSOL 
METHANOL 
METHYL ISO BUTYL KETONE 











SILICONE (A 1 7 2 ) 
SILICONE (A 1 8 9 ) 
SILICONE (A 1 1 0 0 ) 
LD50 4 , 6 0 0 m g / k g 
LD50 3 , 3 1 0 mg/kg 
LD50 1 , 6 5 0 m g / k g 
LD50 8 2 0 m g / k g 
LD50 3 , 0 0 0 m g / k g 
LD50 8 9 0 m g / k g 
LD50 6 3 0 mg/kg 
LD50 3 , 8 0 0 m g / k g 
LD50 2 , 5 3 0 mg/kg 
LD50 8 5 0 mg/kg 
LD50 2 , 6 6 0 mg/kg 
LD50 2 , 0 0 0 mg/kg 
LCLO 8 7 3 3 0 m i n . 
LD50 1 , 7 0 0 m g / k g 
LD50 1 , 4 5 4 m g / k g 
LD50 6 6 6 mg/kg 
LD50 5 8 0 mg/kg 
LDLO 2 , 0 0 0 m g / k g 
LD50 3 , 5 0 0 mg/kg 
LDLO 6 5 6 m g / k g 
LD50 8 0 0 m g / k g 
LD50 1 , 2 1 0 m g / k g 
LDLO 5 1 2 mg/kg 
LC50 2 , 1 4 2 3 0 m i n . 
LD50 2 , 0 0 0 m g / k g 
LD50 5 5 5 m g / k g 
LDLO 7 9 0 m g / k g 
LD50 6 3 0 m g / k g 
LD50 2 , 8 0 0 mg/kg 
TCLO 2 , 3 0 0 m g / c u . m 
LD50 3 , 9 6 8 m g / k g 
LD50 5 , 6 2 8 m g / k g 
LD50 2 , 0 8 0 m g / k g 
LD50 3 , 4 0 0 mg/kg 
LD50 5 0 0 mg/kg 
LD50 8 3 0 mg/kg 
LD50 1 , 7 9 0 m g / k g 
LD50 1 , 5 3 0 m g / k g 
TDLO 2 , 1 2 0 m g / k g 
LD50 2 , 4 3 0 m g / k g 
LDLO 8 0 0 m g / k g 
LD50 1 , 8 7 0 mg/kg 
LD50 4 , 0 2 0 mg/kg 
LD50 3 , 1 6 0 mg/kg 
LD50 2 , 9 6 0 m g / k g 
LD50 2 , 8 3 0 m g / k g 
LD50 4 , 2 0 0 m g / k g 
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LDLO 4 , 0 0 0 
LD50 6 5 0 
LD50 4 , 1 0 0 
LDLO 4 , 0 0 0 
LD50 3 , 0 0 0 
LD50 807 
LDLO 5 0 0 
LC50 " 6 7 3 
LD50 1 , 3 0 0 
LD50 4 , 9 2 0 
LD50 2 , 1 4 0 
TDLO v . 3 , 7 6 0 
TDLO 3 , 3 0 0 
LD50 1 , 9 0 0 
LD50 4 , 9 2 0 
TD50 5 , 0 0 0 
TDLO 5 , 0 0 0 
TD50 4 , 3 0 0 
VERY TOXIC 





















































m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / c u ..m 
m g / k g 
3 4 0 m g / k g 
9 0 mg/kg 
3 5 0 m g / k g 
3 5 0 mg/kg 
1 0 0 m g / k g 
1 2 5 . m g / k g 
50 m g / k g 
50 m g / k g 
2 0 0 • m g / k g 
120 m g / k g 
5 0 0 m g / k g 
125 mg/kg 
3 0 0 m g / k g 
2 2 5 m g / k g 
3 0 0 m g / k g 
72 m g / k g 
185 mg/kg 
227 , m g / k g 
4 0 0 m g / c u . m 
59 m g / k g 
481 m g / k g 
4 0 0 mg/kg 
4 3 0 m g / k g 
3 7 5 m g / k g 
50 m g / k g 
4 1 4 mg/kg 
CHEMICAL DOSE 
PHOSPHOROUS PENTOXIDE LC50 
PHOSPHOROUS TRI SULPHIDE LD50 
POLYPROPYLENE LD50 
POTASIUM HYDROXIDE LD50 
SELENIUM TDLO 
SODIUM NITRATE • LDLO 
SODIUM NITRITE LD50 
SODIUM SILICOFLUORIDE LD50 
SODIUM PENTACHLOROPHENATE LD50 
SODIUM PYROSULPHATE LDLO 
STEARIC ACID LD50 
TRICHLORO ISO CYNURIC ACID LD50 
VINYL CHLORIDE TD50 
ZINC TD50 
ZINC STEARATE LDLO 
TOLUENE DI ISO CYANATE LCLO 
271 
3 9 0 
4 1 9 
3 6 5 
134 
2 0 0 
8 5 
120 
2 1 0 
192 
75 
4 0 6 
5 0 0 
124 
2 5 0 
8 0 
m g / c u . m / h r 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
mg/kg 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g 
mg/'cu,.m 
mg/kg 
m g / c u . m 
5 . EXTREMELY TOXIC 




















m g / k g 
m g / k g 
m g / k g 
m g / k g 
m g / k g / h r 
m g / k g / h r 
6 . SUPER TOXIC 
DOSE : LESS THAN 5 mg/kft 
CHEMICAL DOSE 
CYANIDE LD50 3 
m g / k g 
PHENOL 
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APPENDIX 4 
UNCLASSIFIED CHEMICALS (TOXICITY VALUES NOT AVAILABLE) 
1 . ALDEHYDES 
2 . ALDEHYDE ALCOHOL 
3 . ALUMINIUM 
4 . ALUMINIUM SILICATE 
5 . AMINO FUNCTION COMPOUNDS 
6 . AMMONIUM NITRATE 
7 . AMMONIUM SULFO NITRATE 
8 . ARGON 
9 . AROMATIC AMINES 
1 0 . AZO COMPOUNDS 
1 1 . AZOXY COMPOUNDS 
1 2 . BENZENE SULFONITE HYDROXIDE 
1 3 . BENZOTHIOCYL - 2 -TERTIARY BUTYL SULFANO AMIDE 
1 4 . BICHROMATE COMPOUNDS 
1 5 . BORATES 
1 6 . BORIDES 
1 7 . BORIC OXIDE 
1 8 . BROMATES 
1 9 . BUTYLENES 
2 0 . BUTYL GLYCOL 
2 1 . CALCIUM CARBIDE 
2 2 . CALCIUM CARBONATE 
2 3 . CALCIUM OXIDE 
2 4 . CARBONATES 
2 5 . CHLORINATED LIME 
2 6 . CHLORATES 
2 7 . CHLORIDES 
2 8 . CHROMIUM HYDROXIDE 
2 9 . CHROMATES 
3 0 . CHLOROSULFONIC ACID 
3 1 . . COAL DUST 
3 2 . COBALT HYDROXIDE 
3 3 . CYANATES 
3 4 . N - CYCLOHEXYL PTHALMIDE 
3 5 . DIAMMONIUM PHOSPHATE 
3 6 . DI AZO COMPOUNDS 
3 7 . DIODYL PTHALATES 
3 8 . DITHIONITES 
3 9 . 2 - ETHYL HEXYL ACRYLATE 
4 0 . FAT LIQUORS 
4 1 . FERROUS HYDROXIDE 
4 2 . FERROUS OXIDE 
4 3 . FULMINATES 
4 4 . GREASE 
4 5 . HALIDES 
4 6 . HYDROGEN' 
4 7 . HYDRIDES 
4 8 . HYDROXY CHLORIDES 
4 9 . HYDROXYLAMONE 
5 0 . HYPOCHLORITES 
5 1 . HYPOPHOSPHITES 
5 2 . ISO CYANATE 
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5 3 . MAGNESIUM CARBONATE 
5 4 . MAGNESIUM PEROXIDE 
5 5 . MANGANESE OXIDE 
5 6 . METHYL BUTADIENES 
5 7 . METHYLENE BIS ( 4 METHYL 6 TERTIARY BUTYL) PHENOL 
5 8 . MONOCARBOXYLIC ACID 
5 9 . NEON 
6 0 . NITRIDE 
6 1 . NITRO CELLULOSE 
6 2 . NITROGEN 
6 3 . OXYCHLORIDES 
64 OXYHALIDES 
6 5 . OXYGEN 
6 6 . PARAFIN OIL 
6 7 . PARAFORMALDEHYDE 
6 8 . PENTAERITHRITHOL 
6 9 . PERBORATES 
7 0 . PERCHLORATES 
7 1 . PERCARBONATES 
7 2 . PERMANGANATES 
7 3 . PERSULPHATES 
7 4 . PHENOL ALCOHOLS 
7 5 . PHOSPHORIC ESTERS 
7 6 . PHOSPHATES 
7 7 . PHOSPHITES 
7 8 . POLYAMINES 
7 9 . POLYBUTADIENES 
8 0 . POLYCHLOROBUTADIENES 
8 1 . POLYCARBOXYLIC ACID 
8 2 . POLYEURATHENE 
8 3 . POLYOL 
8 4 . POLYVINYL ACETATE ' 
8 5 . POLYVINYL BUTARENE 
8 6 . POTASIUM PERSULPHATE 
8 7 . POTASIUM SILICATE 
8 8 . PROPYLENE 
8 9 . PYROCRETE 
9 0 . SILICIDES 
9 1 . SODIUM BICARBONATE 
9 2 . SODIUM SULFIBRATES 
9 3 . STRONTIUM OXIDE 
9 4 . STRONTIUM PEROXIDE 
9 5 . SULPHITES 
9 6 . SULPHOXYLATES 
9 7 . SULPHANO AMIDES 
9 8 . SULPHANO NITRIC ACID 
9 9 . SULPHUR 
1 0 0 . TETRAMETHYL TIANIN DISULPHIDE 
1 0 1 . TETRAMETHYL TIANIN MONOSULPHIDE 
1 0 2 . THIOCYANATES 
1 0 3 . THIOSULPHITES 
1 0 4 . THORIUM 
1 0 5 . TIN 
1 0 6 . TITANIUM DIOXIDE 
1 0 7 . TRICHLORO ISO CYNURIC ACID 
1 0 8 . 2 , 2 , 4 TRIMETHYL 1 , 2 DI HYDRO QUINOLINE 
- 5 7 -
1 0 9 . TRIMETHYL PROPENE 
1 1 0 . •URANIUM 
1 1 1 . VANADIUM 
1 1 2 . VINYL ACETATE MONOMER 
1 1 3 . ZINC DI BUTYL DIETHYL CARBONATE 
1 1 4 . ZINC - N - DIETHYL DITHIO CARBONATE 
1 1 5 . ZINC PEROXIDE 
1 1 6 . ZIRCONIUM 
• -• 0 2 4 7 8 1 
